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ABSTRACT

The U. S. Coast Guard is a military service with a hierarchical

organization. CG manpower planning requires a forecast of the number of

accessions needed as well as the resulting force structure for each month

of the upcoming year. In this thesis, we present a modified Markov

transition model that integrates the pertinent personnel flows to

forecast the monthly accessions and force structure for the enlisted CG.

*-" Personnel flows are estimated using standard statistical techniques such

as linear regression analysis and point estimation. An algorithm is

presented to solve for end of month stocks while meeting a man year

consumption constraint--Full Time Equivalent (FTE) when attrition rates

and the beginning and end of year stocks are given. Finally, the

pertinent personnel flow estimates, the FTE algorithm and the modified

Markov model are integrated into a comprehensive Military Employment

Capability Plan which is programmed on a micro-computer spreadsheet.
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I

I. INTRODUCTION

The Coast Guard (CG) is a military service with a clearly

defined hierarcn-cal organization. It is important to the

service and the taxpayer to maintain an adequate force

structure efficiently and economically. An important element

in manpower planning is to forecast the number of accessions

needed each year to replace attritions and to meet changes in

t al forte size. Acitionally, budgetary planning requires

-orce structure orojections to anticipate payroll costs.

Approximately fifty percent of the Coast Guard's annual

budget is related to payroll costs which are highly

correlated to the number of people at each grade level.

A variety of internal and external factors impact on

attempts to forecast future accessions and force structure.

Previous recruit projections had the benefit of a relatively

large pool of eligible entry level personnel and a stable

force size. This allowed the Coast Guard to maintain high

4standards in recruit quality and waiting lists of enlistees

above the monthly recruit quotas. A national shrinkage of

eliginle entr, :evei personnel described by Fernandez

[Ref. 1, stable economic conditions and anticipated changes

in the force size require relatively accurate forecasts of

accession needs which reflect the impact of the most

significant internal and external factors.

10



'P
The Enlisted Programs Branch of the Office of Personnel,

U. S. Coast Guard is responsible for projecting the Coast

[ Guard's enlisted accession needs and the enlisted force

structure for each month of the upcoming fiscal year.

A. OBJECTIVES

The objective of this study is to formulate a

mathematical model which projects the enlisted accession

needs and enlisted force structure on a monthly basis for the

next fiscal year. The model should also te able to take

* current data during a fiscal year and adjust the projections

for the remainder of the fiscal year. We will implement the

. .model in a commercial spreadsheet environment compatible with

the background of the intended CG users. We anticipate this

will also provide maximum flexibility to explore the effect

of a number of variations in external conditions and internal

policies impacting the forecasts.

B. BACKGROUND

The Coast Guard operates under the Department of

Transportation. The enlisted force structure is hierarchical

with paygrades E-1 to E-9, lowest to nignest rescectively.

(There is a paygrade E-1O which has a size of one and will be

ignored in this study. ) Each paygrade is further broken down

into approximately 25 sub-specialties (ratings).

Promotions occur on the first of the month only. The CG

conducts semi-annual testing of personnel to rank order

: '.- - .. .. . . " " -" "-Pi , v " - ""' "



personnel eligible for advancement to paygrades E-5 to E-9.

These promotions are vacancy driven. Promotion to paygrades

E-3 and E-4 occurs on qualification for advancement.

Promotion to paygrade E-2 occurs upon completion of recruit

training. Vacancies are determined by the difference between

actual stocks and the authorized structure as promulgated

periodically during the year by the Chief of Staff's

Personnel Allowance Branch. There is a statutory upper limit

for E-9s and E-8s (one and two --er:2nt of the total enlisted

force size respectively). !- the numoer of personnel

eligible for promotion (defined as having passed the

servicewide examination) in paygrades E-5 through E-9 exceeds

the vacancies occurring during the period, those personnel

eligible for promotion may recompete for promotion during the

next servicewide examination. Normally, once an enlisted

person meets the requirements for promotion, he remains

eligible for promotion indefinitely (i.e. there is not a

5'. promotion zone for enlisted personnel like there is for

' officers).

Accessions may theoretically occur in all paygrades.

First time enlistees are entered as E-Is. Pricr service

enlistees and CG personnel reenlisting more than 24 hours

after the expiration of their previous contract are entered

in. paygrades E-2 to E-7, depending on previous service

•.% experience and the needs of the service (needs of the service

are directly tied to the Selective Reenlistment Program).

12
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~.1 Additional accessions in all paygrades occur when reservists

are entered into extended active duty.

* . Attritions occur in six general categories:

1. Retirements

Retirements normally on the first of the month.

2. Non-Reenlistments

A CG member may not -hose or may not Oe eligible to

reenlist or extend his/her contract at expiration.

3. Administrati f

A member may oe jiscnarged prior to the expiration of

his enlistment for the "convenience of the

government"

4. Death

5. Reservists on extended active duty

Reservists may be released back to inactive reserve

status.

6. Officer Programs

An enlisten memCer may be selected for an officer

program ( Warrant Officer, the Academy, or Officer

Candidate School).

The EnlisteJ roqgrams trancn :urrently uses a model

called the Military Employment Capability Plan (MECP) to

project accession needs and force structure. A replacement

for this model is desired that will integrate pertinent

external influences and accurately reflect the effect of

internal policy changes such as a changed promotion policy.

13



The MECP model and its output is used by a variety of people

with a wide range of mathematical sophistication It is

essential for the model to remain uncomplicated

comprehensib1t and easily maintainable.

C. MODEL FORMULATION APPROACH

The model zroooseo In this study is a modified Markov

transition model that makes use of historical internal CG

personnel data and historical external data (various economic

indicators) -he arkov model is constrained by internally

and externally (statutory) imposed policies. It is

predictive in nature. The model will forecast future

strengths across paygrades for the coming months of the

yeair.

Our model and solution will be developed as follows:

1. In Chapter II we examine the data available to seek
obvious interrelationships, trends or data anomalies.

2. In Chapter 7., we develop an appropriate predictive
model .cr the personnel transition rates and

3. In Chapter IV, we formulate and solve an algorithm for
the manyear consumption constraint (Full Time

Equivalent..

4. in Chapter w, we implement an appropriate Markov
Transitian -odel.

5. In Chapter VI, we summarize the operational limitations
of the model and discuss applications of the model in
response to a number of hypothetical conditions.

6. In Chapter VII, we validate the model and summarize the
results

14
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II. DATA ANALYSIS

The data used in this thesis can be divided into two

general categories--internal CG personnel data obtained from
geer!'aeg -

various databases ano reports and external econoinic 2aca

collected from r-eadii'/ avaiiaole puOiications

A. ENDOGENOUS DATA COLLECTION

l"cst of t'e nata obtained from the C3 persorne" t.s7emr

zcame either directly or indirectly from the erson rel

Management Information System (PMIS) maintained on the CT

S."Amdahl computer located at the DOT building in Washington,

DC. PMIS is the master database of CG personnel data and is

the basis of all pay, time in service, and all other

personnel calculations for the CG. Queries of the database

were conducted with two commercial software packages--SAS

and FOCUS. Data also came from other databases or files

which are kept by individual CG offices. Three problems

arose in the collection of this data. First, obvious errors

in data entry were observed, as there appears to ne limited

data entry validation Aithin the PM3s data 3ase. Secind,

historic PMIS data is essentially purged at the end of a

fiscal year of all data not related to current personnel.

This means that raw historic data is destroyed for personnel

who have left the service during the preceding fiscal year.

Data is also lost for some of the transactions related to

15
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current personnel. Complete historic data for preceding

fiscal years is either lost or only available in the formats

and categorical breakdown of standard printed reports issued

by the system and kept on record in various -3 offices. Some

infcrnation regarding separations .attritions s ownloaded

to magneti.- tape for future reference. 7i-):rol, i jen other

data sources are used, it appears tnat the effective dates of

zerta: =e-sonnel actions <separa,: ons, orD-motions,etc) may
-. "

7 - --- " a - 45 75 -1- o -e

i- - r - ' Iz C o-11 --!- e

sources or eJtren ,,n to derive mxss: c -ata tase2.:] '-

conservaticn of flow principle [Ref. 2:pp. 4-63:

Stock.(t+l)= Stock.(t) + accessions.(t) +1 1 1

promotions (t) - attritions .(t) - promotions (t)
o1

i= paygrade 1,2,...,9 C2. 1]

These problems limited the collection of a complete set of

usable data to -four f iscal /ears r,:Oe2 -ez 'b. .e alsc

collecte:! data for the first eight months of FY87 to use in

model validation.

Lastl,, the ata ,'e collected 'as 9 rter :ate rz ed v

soeciai tv ra t o. We decided earl/ tr e 3ralysis to

combine these categories into a simple total for each

paygrade because the output required from this analysis is

not to be categorized by rating. An initial look at the data

also indicated that further categorization into ratings would

reduce the data collected in each cell to such a small size

16
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as to introduce significant difficulties in conducting a

reliable statistical analysis.

1. Stocks

We obtained the stocks of the CG personnel from the

PMIS generated Comoarat .re Status report (COMSTAT). This

data was separated OV nonth, paygrade and rating. We

aggregated over ratings to obtain data by month and paygrade.

E-2 and E-3 stocks include both rated and non-rated

.ersonnel. StocKs are as :f thie .ast jay of the month.

2. Demotions

We obtained jemot:on data directly from the 1986 PMIS

data by month and paygrade No data was available for prior

years. Based on this data and a priori knowledge of the CG,

we decided that demotions were statistically insignificant

for purposes of this model and could be ignored, as the

demotion rate was less than .0001 for any given paygrade and

month.

3. Promotions

We obtained this data from the Enlisted Programs

3ffice (derived from the servicewide advancement lists).

Data was only ava:l.aoie 17r those paygrades to which

promotions are based on the Servicewide competition (E-5 to

E-9). Promotion to E-4 occurs upon completion of a specialty
.1•

school (A-school) and other qualifications and this data was

not available. No data was available for promotions to E-2

or E-3. We derived historic promotions to paygrades E-2,

17
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4 E-39 and E-4 by solving conservation of flow equation [2.13.

We were able to compare the derivation for promotions to E-4

with 1985-36 data available for A-school graduates and

. personnel promoted through the "striker" program (this

orocess is cescnited in Chapter III) . There was a favorable

V
comoarison between the derivations and the data, i.e. the

derivations were within ten pErcent of the data ; time trends

and seasonal variations were preserved. We could not use the

. actual data Zor 35- 6 oecause the A-school graduate data

.rnc!JCec an urknown number of personnel who successfully

completed A-scnool but did not complete the other

requirements for advancement to E-4. We compared our

derivation for promotion to E-2 with -data extracted from a

l985 list, of recruit training center graduates . We were

able to extract approximately 500 usable records from 1000

examined ( 1/8 of the total). A proportionate comparison of

our deriiations .or the same period indicate the cumulative

total of the nerivations was within one percent of the

'.. extracted data. No data of any form was available to compare

with derived o-omotions to E-3.

7 ,Ie rumoer :f oromotions for each paygrade and month

was divided n/ the stocks at the beginning of that month to

*obtain a promotion rate. We considered the desirability of

" further categorizing the number of personnel in a paygrade by

*eligibility for promotion, but data was not available to

support this effort even though it could have led to a more

16
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accurate calculation of the promotion rate. The reader

should bear this in mind when comparing our promotion rates

(promotions stocks) to the usual definition of promotion

rates (promotions - number eligible for promotion).

=' N 4. Attritions

- Attrition data was obtained from a separations :ape

which is created annually from the PMIS database. Complete

information was available for 1981 and 19S3-86. The

attritions were categorized by paygrade, month and -"oe :f

attrition (also listed here by PMIS code). The :ypes of

attritions ( discussed in the introduction ) were reservists

released from active duty (DA), deaths (AD),

retirements(BA), administrative discharges (AF), and non-

reenlistments (AA, AB, AC, AE, AF, DA, DB, DC). We original-

ly separated the attritions into categories with the inten-

tion of exploring the possibility of obtaining additional

information for our predictions based on intuitive Lnowledge

of correlations between attrition type and paygrade (e.g.: 99

percent of E-9 attritions are due to retirements). The data

provided numerous confirmations of these type of

relationships but ultimately it was determinec nat no

significant improvement to the model could be obtained from

-'. this information. We decided to use the total attritions

- . categorized by paygrade and month.

An examination of the data revealed a glaring

problem with data from October, November and December 1963

19



7.

(FY84). The data showed no attritions for October and

November and then a unusually large number for December

(approximately three times larger than normal). This data

anomaly was due to a software conversion. We decided to

adjust this Oata tased on other data that ve had from the CG

report "EnKistec Active Duty Ac:essions and Attritions",

referred to as '36f". This report summarizes attritions for

the month by the same types of attritions but does not

categorize attritions o, oavgr-ace. AJe ele that y aoplying

the proportions of attriticrs captureo i- the "36-'F report

* for these 3 months, we could get a reasonaole approximation

of the missing data. We were further encouraged in this

approximation by the previously discussed analysis which

showed that certain types of attritions were closely tied to

certain paygrades. For example, we previously determined

that almost all attritions in the E-9 paygrade were due to

retirements. The "36f" report lists the acgregate number of

retirements in a month. We were able to calculate from this

data the proportiun of total retirements that occurred in

each of the three months (OCT, NOV, DEC). We applied this

proportion to the original attr:tion data categorized oy

paygrade (E-9 in this case). Similar adjustments to the data

were calculated based on our previous analysis of correlation

between attrition type and paygrade. After the approximation

we tested our results with conservation of flow equation

[2.1 for the three months for paygrades E-5 through E-9 (as

20
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mq.

previously discussed, E-2 through E-4 values of promotions

were derived). There were no glaring inconsistencies in the

. results (all approximations were within two percent of the

conservation of flow results and no negative flows were

generated).

Two adjustments Nere maoe to the data to reflect

policy changes thaz we -elt were significant enough to

warrant manipulating the data prior to analysis and

-" nodelling. hIe C3 1nst:tuea a program Irom March 1986 to

July 1986 that ai " ed a limited number of personnel to

voluntarily leave the service prior to the end of their

enlistment. The number of people attriting under this

program was closely monitored and data was available by

a/grade and month re !:t'g the number of people discharged

under this temporary ;Zcl;/y. The attritions were subtracted

\from the total attr't :ns by paygrade and month under the

assumption that the osocarges 4C uld -ot have occurred

without this -olicV cnange. Secondly, a number of policy

changes at the CG recruit training center have resulted in a

--significant reductio : E-l attritions from 1 October 86

"trougn 31 Marz- . -n ana.,sTs of the policy changes

indicate that we can reasonably expect this reduction in E-1

attritions to continue. The reduction in attritions over the

-six months was 35 percent. We reduced the 1983 through 1986

E-1 attritions by this percentage
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-z-. The attritions were converted to a monthly attrition

rate for each paygrade by dividing the respective number of

attritions for a month by the corresponding stocks at the be-

ginning of tna: month. The monthly aggregate attrition rate

was _btained v ising the aggregate attritions and stocks.

5. Recri s

Recrui. za:a was obtained from annual summary reports

kept by the Of :ce ofl Military Recruiting (PMR). Recruit data

was availaoe ror >o8o- 1?86 by month and paygrade (recruits

in paygrade are aw recruits, those in paygrade E-3 are

usually prior service CG, those in paygrade E-2 are usually

personnel who nave completed enlistments in DOD services,

and those in paygrades E-4 to E-7 are prior service personnel

with specialty skills'in "open ratings". Open ratings and

- paygrades are defined by the Open Rating List and are tied

directly to the Selective Reenlistment Bonus program. The

only inputs no0. included here were reservists coming on

active Cut,. nese numbers were derived from conservation of

flow equations already described. The other option we

consioered ,as -c zelete the attritions due to reservists

e r -g - •ac e Jui and make the assumption that the

numbers o -ese-,ists beginning extended active duty and of

reservists ending extended active duty are in equilibrium,

which is the assumption currently made by Enlisted Programs

branch. An initial examination of the data indicated that

this assumption would degrade the quality of the predictions
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from this model. Data was also collected for the monthly

recruiting quotas set by the Enlisted Programs division and

the Military Recruiting branch at the beginning of eaci

fiscal year. Monthly recruiting quotas are the forecasts of

monthly accessions that will enable the CS to neet the

desired end of month strengths. A compar-.son o-F 'he :]Uota S

and the actual accessions can give a historic Jepiction of

the rate of recruiting success during various mcnths of the

'ear by the field recruiters.

6. Expiration of Enlistments
0

We were able to obtain anticipated exoirations of

enlistments categorized by month and type (non-rates, first

enlistment, subsequent enlistments). This data is obtained

from the PMIS database at the beginning of each fiscal year

and is the number of enlistment contracts or contract

extensions that will expire in the next year.

7. Billets

The Personnel Allowances Division determines the

authorized number of personnel in each paygrade. These

authorized positions are called billets. Bii!ets minus

stocks yield vacancies tnat can te fi-eo :0/ Z2o- inos I-

accessions. A detailed description of tne process

* surrounding changes to the authorized billets and their use

in the manpower flow process is included in Chapter III.

8. Data

Appendices A and B contain the data used
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B. EXOGENOUS DATA

Economic variables were researched from readily

accessible publications to provide possible input into

regression models. Pertinent categories of economic

variables Aere chosen based 01n antic:_:ated regression

hypothesis. in most cases the categories vere zhosen to

coincide with the "popular" stat-sti=s, i.e., those

statistics that are frequently seen or hearJ in the public

media and Aioul influence a person's Doinio aoout :ne state

of the economy. Our hypotheses Vi'l oe Z3scJssec n more

detail in Chapter Ill, but we believed that any influence the

economic indicators had on decisions to leave were baseo more

on the perceived state of the economy than on those economic

factors which would be statistically related to an individual

(e.g.: the seasonally unadjusted, 20-25 year old, male

unemployment rate would probably more accurately relate to a

junior E-4's ability to find outside emp.ovment, but in

reality an E-4 may base his expectations of civilian

employment opportunities on the seasonally adjusted total

unemployment rate that he saw reported in the news last

week?.

1. Consumer Price Index

CPI is the unadjusted CPI for all urban consumers,

-. city average, for all items. The index of reference is

-_ 1967=100. Data was obtained from the Bureau of Labor and

.- Statistics' CPI Detailed Report for FY81 - 86.
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2. Unemployment Rates

Unemployment rates are the seasonally adjusted

unemployment rates for nen, ib and over, 20-25 and 25 and

over. Data was obtaineo from Table A-38 of BLS' Employment

and Earnings Reoort /arious volumes) for 19i81- 1986. These

-ategories were zhosen as 'haracteristic of the demographic

makeup of the Coast 3uaro

3. Gross National 2touct

GNP _s n lCE o!ars. The annual rate was obtained

Dor eacn quarter from !981- 19e6 from Table II-A-80 of
0,

Business Conditions Di~est (various volumes). In order to

convert this data to monthly figures, we assumed that the

changes from month to month were linear and -interpolated

accordingly.

4. Pay Raises

The percentage of the annual pay raise ir DOD (same

as CG) obtained 'or " - -85 =-om various issues of the

Navy Times.

5. Data Modification

The describeo ecrnomi_ data was mani;ulated further,

" .ssing z c erenci2g :')e o si month and twel Ie month),

to make it more usefr . in the proposed linear regression

model described in Chapter III.

The exogenous data used by the author is included in

Appendix A. The differenced data is contained in Appendix B.
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C. DATA ANALYSIS

Most of our data analysis was graphical. We were

attem~ting to select variables and determine patterns that

would assist in the development of various inputs to the

Markov model we nave oroposed. A subsidiary benefit of this

analysis is a -nncise, graohical representation of historic

personnel polizies. There are a number of trends and

variations in the data that are not directly related to this

anal,/sis out -n= e mf considerable interest to the CG

policy maker e.g. there is a trend toward a top heavy force

pyramid). We -ised numerous analytic tools that are

available on GRAFSTAT [Ref. 33 but found that the clearest

results were obtained from time series plots , multiple box

plots and scatter plots. Numerical summaries of the data

were obtained through the SAS [Ref. 4] regression models used

in Chapter Ill. We will discuss those aspects of the data

analysis than 76 the most significance to our model

development.

1. Stocks

A time series plot revealed an anticipated

consistent tr-=c r. stou<s during December and June. This

observation Jil1 be developed further in the man year

consumption portion of our model (Chapter IV). See Figure

2.1.
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2. Attrition rates

A time series plot of the attrition rates revealed a

- possible time of year effect. See Figure 2.2. A multiple

boxplot of the attrition rates, categorized by month and

.* ! paygrade revealed a definite month ef~ect. with a consistent

. spike in all cases in the summer months See :igure 2.3.

This effect will be exploited in the regression models.

3. Promotion rates

Multiple box plots categor'zed !v :avqrade ano mont,.

revealed definite month effects with clear spikes in January

and July. See Figure 2.4 and 2.5. This effect will be

integrated in our regression model.

4. Recruits

A multiple boxplot of recruits as a percentage of the

yearly total and as a percentage of quota obtained revealed

a definite decline in recruiting levels in June and December

and a consistent pattern of reaching the Quota level in all

months except December. See Figure 2.6. Figure 2.7 is a time

series plot of recruits by month and paygrade. We attempted

to discern any time of year ef ect other than the cne

mentioned above or any trends ir the tata. :n general, we

felt there were no significant effects. These observations

will be used to develop model assumptions in the manyear

consumption part of the model (Chapter IV) and will be

integrated in the development of the recruitment proportion

vector (Chapter III).
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5. Bi I lets

A time series plot of the billets was examined in

conjunction itn -:-gure 2.1 to examine probable correlations

between strcols .3nc 3 ets (we expected that growth in the

system ~o1 e-Ee e:tel by a proportional change in the

biets -r e-ac avgrade'. See Figure 2.8. We then

examined a -:me series plot of billets divided by total force

strength. Tn-s wouio indicate any changes in the actual

=e: :,'ram>. Je bser'ed that E-Q billets hovered at the

max-mum zne _:er e-t. E-8 billets seemed to hover at about

, l.b percent Ni-h a =ossible increasing trend. E-6 and E-7

billets have experienced a definite upward trend, perhaps

reflecting an increase in technical billets in the CG. E-5

billets appear relatively stable with a possible small

increasing trend. E-4 billets seem to fluctuate widely. We

suspect that -h s results from widely changing needs in lower

level =ec-a" - .ees as missions are added or redefined, as

well as the -e a-:vel/ short time required to promote a raw

-ecruit to this level of competence. The E-1 to E-3 billets

acear ,z varc _hanges due to changing policies (large

, r., :.:e . ,e increase in E-l billets) as well as

some appare'-t' a'-:trary changes ( see shift between E-2s

"an E-3s ir Ma, l98-) See Figure 2.9.

This le: to an e-amin-ation of a time series plot of

act"'a- Btz..- divided by the total stock to see if our

1iStoI - s or--eI pClicies produced results correlated to

3o4
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the planned structure. We observed a strong correlation

between stocks and billets in paygrades E-4, E-6 to E-9. In

paygrade E-5, it appears that the CG was significantly under

authorized strength and has recently closea the gac. There

appears to be little correlation in the pavgrades to E-3.

This is not surprising since the CG promotic2 zclic:es in

these categories are not tied to vacancies but are on an 'as

qualified" basis. See Figure 2.10. Lastly we examined a

time series plot of stocks divided by billets n -=,ct.

how close our historic stocks relate to auchorizeo streng!.s.

We see that in the E-7 to E-9 paygrades, we are -elatively

close to 100 percent of billets. In paygrades E-5 tc E-6, we

are chronically under authorized strength. In paygrade E-4

we are chronically over authorized strength. These

-i discrepancies are explained further in Chapter III. See

Figure 2.11.

35

A W

' .



-'w

eN'N



0 wa I o1C kD G Z0V Q0 2O .o ~o

4.. 
r v- n r--.-- - .-

J.

V3



--.. :

"vp M v w W W V W

f7-

M a :AC a 0 aQ rw 0 zv' ,ZO zz 0 o 0o 0 wO 0 oo 0O g0 o0 OO 0

7>

__,___ N_

S]o 0 0

0 1 0 0

'-."2Figure 2.10 :Actual Pyramid

383

-L a20 ZL Ii L

|=-I"

0. -

" .' • ."- .. iJ '' ;22e" : .",: "- ," ' ",,: >W >:: ,V., .. -:.:p



* .. 2

IP-j

*q. ",

":--J

* ii

1- 3

(f,,
o.7

0.,. 3 -. 3
z z

.Figure 2.11 :Fraction of Billets Filled

" 39
O4



V..- 0

0-0

'7V



III. MODEL FLOW RATE ESTIMATION

A. ATTRITION RATES W

Monthly attrition -ates 'ar each pay grade are needed for

the Markov transl:lon rooei oresented :n Chapter V.

Aggregate attrition rates for June and December are used in

the man year consumption cortion of the model discussed in

"2hacter -V. The uman zeraviorai nature c this flow rate

makes it difflcuit c orecasz accurately. it is difficult

to make a general nvpothesis about factors influencing

decisions to leave an employer. We discuss below a reliable

and consistent monthly forecast method developed for each

paygrade. Areas where the forecasts may be improved will

also be mentioned. In each of the three possible forecast

methods discussed below, we developed ten cases for each

forecast (nine pay graces D! s the aggregate).

The notation develcoed in this section attempts to be

consistent with the notation used by Batholemew and Forbes

[Ref. 2:pp. 85-112. it Ail be used throughout this paper.

Three .ifferent net"Cos -Jere considered in developing a

model to predict tne attrition rates. They were: an

econometric linear regre'ssion model, a three year weighting

scheme, and an exponential smoothing scheme. In order to

compare the predictive quality of the three methods, we used

the 1983 through 1985 data to forecast the attrition rates

for 1986. We compared the sum of squares of the differences

4.1
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between the forecast rate for 19636 and the observed 1986

data. In that sense, the best of these three models for

* predicti.,e pu7Dses zrcved to be the linear regression model.

The -F:-s: nocel .je examined was a three year weighted

average tne :ata -sea to calculate flow rates suggested by

_res, -t : their oersonnel flow model. The model

predizts the ncnrnl, attrition rate for each paygrade as

follows:

1. 'aicui .a' 3 re /ear .jeiqnted average of the number

' a:-, :assgning egnts of /6, I/3 and 1/2
to :he iaa .eas, -ecent to most recent respectively.

2. Calc;1ate a three year weighted average of the stocks
using tne same -eignts.

3. The forecast attrition rate for the fourth year is

calculated by dividing the weighted average attritions

by the weighted average stocks.

The hypothesis is that the attrition rate during a

particular month will be closely tied to the rate of the same

month last I/ear aina progressively less closely tied to the

rates zf tat ro-. i:n n :e preceding two years.

The second model we examined was an exponential

smct1hing sceme iescribed by Chatfield [Ref. 6:pp. 85-89]

ar ,-ni:- -ca "e-. ' found seful in his estimations of

Mar -e :,-rs z- e'rrel oss rates. Using this method, the

equaticn fzr t-e est.mated attrition rate can be written:

W ,(t-1) a W .(t) 4. 1(- ) W . t)
1 2 1

where W.(t) is the observed attrition rate for paygrade i,1

time period t and
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W (1) = W(); a is selected to optimize the model.

This model was applied for each paygrade anc month

combination. This limited each model to four _:ara -oants.

We attempted to remove the time of year effect o that Ae

could apply this model across all 48 data c: ts :u7 ,e Nere

not successful in removing the month effect. 2s nore :a-a

becomes available, this analysis would appear to have more

merit, possibly extending the flexibiI, - f -ye ztr.iz

rate forecasts.

The third model we considered was an -Zncmet-.c

regression model:

W. (t) = (3+ a (.X.(t) + ,
1J J J

where W. (t) = attrition rate for paygrade i during month t

a. j = coefficient estimate for the carrier variable j

4- X (t) = observed value of the jth carrier variable

in month t.

C = error component with assumed 3:ser-utior

~N(O,c ).

The hypothesis was that the tendency to attrite Aould te

influenced by a comoination of internal -aotr3 ano e'-e~a

economic factors which could either be anticipa:ed e-actly

(e.g. expiration of enlistments) or forecast vit'. relative

accuracy (e.g. unemployment rates). In considering possible

carrier variables it was important to remember that this was

only a small part of the total model and inputs would have to

be limited to make the model practical. The end user of the
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model needs a model with inputs that are easy to obtain A

complicated model would discourage use because of the data

* -collection necessary to make it work. ' e also took into

consideration the selection of var--ables c- ^nizn data are

readily available from other offices a7 : -eadouarters. We

also examined the abundant number nran~~ ocel=- nat hiave

been developed in this area for otn,-e- mj1--ar-, services. The

variables we considered using were br:)ke- :-,:3 t c :ategories

(abbreviations are SAS variable iames.

1. Dependent Varables

The attrition rate for each mont "or eacn paygrade

and the aggregate attrition rate for the month. (El,E2,...,

E9 , ELL)

2. Independent Variables

We initially considered the concurrent levels of the

economic indicators as dependent variables. 7he resulting

poor regression fit led us to attemot- oc-.i -ence all

economic indicators because we hyoothesizeo tnat individuals

reacted to changes (is it getting better or worse.) in the

economy when making decisions.

*a. Consumer Price Index :r a :0003 :c

This variable is considered 'or inclusion after

Cifferencing one, six, and twelve months. (CPI1,CPI6, CP112)

b. Gross National Product (GNP)

This variable is considered for inclusion after

* - differencing one, six and twelve~ months. (GNPl, GNP6, GNPl2)

................ ................................4



c. Unemployment rate

We initially considered the urban, seasonally

adjusted rate for white males, based on the demographic make

up of the CG. The variaoie Aas also considered in the

additional age cate-o-es .o-, 20-25, 25+. This variable

was differenced six mcncns .n ail cases. (E20LAG, E25LAG,

ETOTLAG). We eventuaily settled on the aggregate

unemployment rate oeI.renceo six months because it is the

n -ost eacil'/ avaiac -e -a!e zr .jn.cn forecasts are available

for the next twelve Pont's. we were satisfied with this

substitution because examinat:on of the differenced values

indicated that all the indicators tend to move in the same

direction with the same relative increments.

d. Pay difference (PDiF)

This variable attempts to capture the change in

purchasing power of the enlisted person. It is the

difference between 'n :.7 i- erenced tw.elve months and the

last pay raise This Yar-anle was suggested by CPT Higham

[Ref. 8] in an Army SRB model and was used with good success.

e. Exoiration enl:stments (EENR,EESUB,EElST)

This s -7e oroec eo numoer of enlistments that

will expire in a month for the aggregate paygrades E-1

through E-3, first term and subsequent enlistments.

f. Recruits

This is the number of E-I recruits entering the

system in the last month and 2 months ago.(INLAGl,2)
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3. Forced Variables

These are independent variables included in all

possioiE models. We included a variable to account for the

time o :',ear ef-ect oiscussed in the data analysis section.

We examinec t o li-ferent schemes to account for this effect:

*-- a. Dummy /ar-.ibles ..ere assigned to each data point. This

method entails using 11 binary variables to account for

-_ months. -r eamole, the variable:

or January

S--or all other months
0

Similar assignments are made for the other variables

X2, X3,...I XII.

b. The cata suggested the time of year effect may be

capture- Al-+m a higher order model (second, third or

.zu--, th :r-- 5ee:e'z mcst likely after examining the

7-c - . _ gas -ene-ated that "as codec

- December = , ..... , September

This cooing was indicated by examining the data. It

acpearec -nate olynomial time of year effect

s-ar-+e, Emec':ember rather than in October.

Additional variables were generated from the month

variable (MNTH) by raising the month variable to the

second, third and fourth power (M2, M3, M4).

--i
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4. Other Variables

After using the above variables, we also considered

the usefulness of the following variables.

a. Selective Reenlistment Bonus.

This data is not categorized =v rnonr r :vqr-a,,e

and a transformation o4 the data wouid te lecessar. ,e 73-

pect that this variable would be what Tukey C~e-F. 73~. 1c-

3173 calls a proxy for economic variables mertion-ed ~rL~

b. Average age, 7-me --n Service, >-ne -ie

This data was incomplete and no- Za~ecor::zec 'I/

month.

5. Selecting the Variables

The method of selecting the variables to use was

* facilitated w~ith two procedures available in SAS: Stepwise

regression and the P-Square procedure.

*The first step after determining appropriate

candidate variables was to use the steovsise reaz

procedure to begin -the variable selection Process. 7he

results are summarized in Table 3.1. The stepw~ise selection

procedure selected one of th1e CPI .ariables ne.n

the ten cases. It selected one of tnie GNF =3~a> F ~ 1 OCSurL

out of the ten cases. It only selected an unemoio.'rnefnt --ate

variable in one case. It selected the pay difference

variable in five out of the ten cases. it selected an

expiration of enlistment variable in six out of the ten

cases. It selected the recruit variable in four out of the
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ten cases. There did not seem to be a consistent selection

of one particular differencing (one, six and twelve months)

for any of the variables .We eliminateo tl~e J. ummy variatle

representatio- of the months f rom ccns: Cerat 2n Jecause we

djscovereoi tnat we could get comoaranle Czsu-ts orn a "ourt"

order node I, r-'swi g _,our ecreqs Z: ue~m Me zur

variable representation consumed eleven oegrees o-, f-eedom to

obtain the same Qjahity of fit. :n a leresc 'coe! ~t :s

tesiraole tc n n i 2L the -L-n el Z :ar e- _ e-

est imate.

7ABLE 3.1 STE.rW ISE ::E3RE:-E3:N :EzUL73

l ndeedert E-9 E-9 E-7 E-6 E-5 E-4. E-3 E-2 E-1 EALL
Variable

Mo nt,) X X X X X X X X X X

Month3" X X X X X X X X X X
Month3 X X X X X X X X X X

CPI diffl X X X x X xx
CP.I ofLEj 1, X X X

GNP daiff!

GNP diffl2 X

Unemply 20-25

Exp Er! %P

total X X X X

Rer~lt lag'.
laqE X X X X

P-q.27 .59 .43 .54 .60 .77 .57 .56 .65 .67
1 . 13.4 5.0 7.8 7.8 6.2 .72 5.5 1.6 4.5
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The next step in the variable selection process was

to deal with two problems. First, there were variables that

the stepwise -egressi o' se-ezteo that did not have intuitive

appeal (e.g. the model -:r S-S attrition rate selected the

-um-e - ~-e :he service in the preceding

mortm. necorCv, te oeC -o nave a consistert model for

each paygrade that -se= roe or less the same variables. We

z ed the vSQUPRE nc -_re to faci l i tate the refinement

" :e .,ar an - eao>:'. Eee aSLUE pr~cec're aiiowed us

. o see :- there we-e 7rt- ,ar-anle combinations different

om :t'e ones se.Lecte - ': 7e stepwise regression procedure

tnat provided a oomparac-e zuality of fit. The results of

this analysis and seiection process are summarized in Table

3.2 . The RSQUAPE cr Zzeoure helped considerably in this

selection. Some of olur decisions to select variables

noweier, were tased c- ".-e esire to have a consistent model.

-or example, -e z- edire indicated that the

"remoT *'e-t variao e as -a3tistially insignificant for

paygrades E-1, E-2 arc E-9, however, it was statistically

s icant 'z- the : :-,7races. We decided to include

-e -_ rem : Z,"e-: zil .2 -2 a i cases ,each, paygrade) of

our models to 'ave -e' :D-sstent with each other. Note

that the R-squarec ,,alues obtained with the selected

varianles in Table 3.2... about the same as those obtained

with the stepwise regression in Table 3.1.
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TABLE 3.2 REGRESSION VARIA~BLE SELECTION

Independent
Variao~e _Q ':-7 E-o E-5 E-4 E-3 E-2 E-1 EALL

Month X X( X X X X X X X

Month,' K .' X X X~ X X X

Month-( A X A A A X X X X

pay J: _ ____ ( ( A A X A X A

one mcrtn

GNP di-,fferencec X X A X X A X X A A
six~ rnntns

Expiration of ( X X
enlistments,
subsequent

Expiration of
enlistments, first A X

Expiration of
eni istme'ts, .7of-'.ire A A A

enl1,stments (tcla- A

Unemployment rate
total, 16+ X .( A A A A A A A
diff si.' p'onthvs

re~rui a~l

r eCr.1 1t i a Q2 A
* .* months ago

R-Sq .38 .65 .42 .51 .60 .68 .58 .48 .61 .66
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Lastly, each of the ten linear regression models

resulting from the variable selection process described above

".-' were evaluated with diagnostics available in he SAS

procedure REGRESSION. See Appendix B. We ooserved no

significant collinearity among the variables Us~o :ook's

D statistic, and the diagonal of the Hat matri< ReF. 'D:oo

170-175], we observed outliers (observations of -AN 3- and

MAY 86) with possible significant impact on the -egression.

We examined the model without these obser/ations no :i- c-

obtain any significant improvement. We examied :ne -snis

for possible violations of the assumptions 7equlred for

linear regressions (normality of the residuals,

homoscedasticity, linearity of the model, independence of the

carrier variables) and found no evidence that these

assumptions are untenable. The REGRESSION procedure also

provided the estimated parameters for each model n.ich are

summarized in Table 3.3

The results of the three candidate models were evaliated,

as discussed previously, by comparing the sum of the squares

of the differences between the forecast :aD~e r T-h_ a -i

the observed data. There is an oovicus :as :-ear: :"e

regression model in this comparison because it utilized i 8c

data in developing the parameters. The alternative would have

been to use 1983 through 1985 data to estimate the marameters

and then to forecast the 1966 values. There were nine to

eleven degrees of freedom utilized by the model and we felt a

% 51
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TABLE 3.3 ATTRITION RATE MODEL COEFFICIENTS

Variab1e E-9 E-8 E-7 E-6

INTERCEP 0.01067604 0.01577605 0.00486376o 0.001431995
MNTH 0.01525133 -0.003886160 0.0002452"2 ).0068E837
M2 -0.006107779 0.000729881 -0.00016275 -0.003279?8
M3 0.000771957 -0.000087567 0.C0001)2 .3000431.57

M4 -0.000030584 .00000473142 -5.1 E27E-7 -)000016E+

PDIF -0.10579793 -0.-&0
CPII 1.17547549 0.533562E3 0.7835560 .789'5'

GNP6 -0.10934948 -0.!6!53493 -0.- 3i 17 -0 -0.J02732301
EESUB .00000443804 .00000718083 -.0000039631 .00000816324

EMPLAG 0.01936890 -0.008052806 0.00197355c -0.00442b700

INTERCEP 0.005382164 0.005869708 iNTE-CEP L.00623175
MNTH 0.000585879 -0.001017229 YNTH --).J003442t
M2 -0.000449154 0.000057722 ME -0.000060927

M3 0.000065590 1.03404E-07 M3 0.0000126e2
M4 -.0000026832 1.94522E-07 M4 -4.16848E-07

PDIF -0.10081540 -0.12075055 PDIF -0.37808159
CPI1 0.49057364 0.55959220 CPI1 0.44951882
GNP6 0.01639801 0.03545172 GNP6 0.005240226

EESUB .00000340662 EETOT .00000747545
EEIST 0.000013034 0.000028291 EMPLAG -0.007287778
EMPLAG 0.000851757 -0.01327953

E-3 E-2 E-i

INTERCEP 0.003427755 0.004910380 3.1tcA7o5
MNTH 0.002763041 0.004754049 -0.)176-010

M2 -0.000662970 -0.001799222 0.001128531
M3 0.000055978 0.000251901 0.000165846

M4 -.0000014417 -0.000011088 -0.000013300
PDIF -0.13333437 -0.ii082705 -0.:5051387
CPI, C.67q41224 0.b3767360 ,.o301f361
GNP6 -0.07198693 -0.29187216 --&. -+5CC0?
EENR 0.000067628 0.000060013 -0.I002 7

EMPLAG -0.01096793 -0.03206519 -0.17 4 64 4 2c
INLAGI -.000004G58

... INLAG2 -0.00011962

A

Note: Variable names correspond to the SAS program found in

Appendix 8.
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25 percent reduction of data points used to estimate the

parameters would significantly decrease the fit of our model.

The regression mccel .Jas aI'sc: favored because it includes a

r umItoLer :Dr exte7a! :ac,:Zrs affecting at t r it ion that the

ecision maker ou1 :Dec eoc irnoortant. The other two

-caelIs tonsine" te i ns 7o 0 be essentially a time

er I Es.

7ne resul1ts oF th s zcmcar scn nnrf ir-ned the regress ion model1

iS ':7e nest 1Z -7e -e -~- : -' ase a-o -are summarized in

TABLz- 3.- - "ESIDL 'L COMPARISON

Methoc 7<preojcted-actual) -

Regress.on .006623

eightec

Exponentiaa .05772 (o ea2)

paramitears re ssigniicn.l as dehe only model of the three

'Cr n.'Zn th'e rsu aooezirec to be normally distributed.

The regression moCe snould be used with the following

Se~e r~a. c-~-~~-e .rs::~- jai5cu5 at some dangers in

isn ake -e - : -ecictions. The range of

---- -I-s e v as sm i ally a tive

3 -) u Itc Chul b e S e d L- hlEn

L-,tr-aFolat~ng beyond th-e rainge of the carriers used to

develop this model. It is recommended that the model

053
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be reassessed when the observed data exceeds the ranges

of the data listed in Table 3.5, used to develop this

motel. The model should be regularly reassessed and

updated as more data oecomes available.

TABLE _._f ?ANGE OF CARRIER vARIABLES

Var i ao I e i1aX imum Minimum

Pay Difference .0157 -. 0187

,P:- n- .)075 -. 01149

.NP- E ..... no 2s. .o50d -. 0031

' Lnemo C ,,e' = .1368 -. 180
6 montr-s

Expiration of Enlistment 535 19

2. Additionai uncertainty is introduced to the model

because we will normally use quarterly forecasts of

* economiz :noicators and will interpolate monthly

values.

3. P9< 'y z anges can nave a significant effect on the

model. Even as this model was developed, a significant

.n _ a~ttn.tions took place due to major

. .. i scnarge procedures at the CG recruit

training :e er. Dince we felt that these changes were

long term, and we were able to observe from the first

six montrs of the 1987 data that the attrition rate had

dropped by 35 percent, we modified the E-1 and the

aggregate attrition rates as discussed in Chapter II.

454

- .- '.'. .- -• - '



Additional policy changes such as a two year enlistment

and a two year extension policy are being considered or

have been implemented since this model Yas zeveii~eo.

The impact of these and other changes is inknlqn ard

should be considered when using the mcoe_. -e :utut

of the regression model will be inte'r2':eC -",: 7e

spreadsheet application of the entire ano tr-e

user can test the effect of t.Tese ocliz, :-arces Z/

overriding the default attrition ra es -e - -

regression anaylsis.

B. RECRUITMENT VECTOR

Accessions may occur into any paygrace as Oescrioec in

Chapter II. Our recruitment vector, r(t), will be a vector

of nine elements which are the accessions to paygrades E-1 to

E-9 respectively for month t. The data examined indicates

that the last three elements (E-7 to E-9) of the - vector

should be zero. An examination of the nata as zesc'ned i

Chapter II lead us to the hypothesis that for paygrades E-3

through E-6, the monthly number of accessions are zcnstant

over time. Our npothesi o '0r E ac:ess n .E -r te

monthly accessions are the same for all ons e-

December and June. E-l accessions are tne resut 3fe

decisions (recruit quotas) which this model hooes to

influence. We were not able to observe any time correlation

among the E-2 through E-6 recruits in the four years of

data. We conducted a one-way analysis of variance to test

-"-



the hypothesis just described. In all cases we found that at

a significance level of a= .05, we could not reject our

hypothesis that the monthly accessions *Nere constant over

time. The results are summarizec ir Taole 3o

TABLE 3.6 PkNOYA F-CR ~CE3Ns

*Source SS d-f MS____

Mo n th 52. 4,D031

Err7Or 5 --7.762

Total 602.162 7 3

r 6 3.5678 4

3.6.b ANOVA Table Accessio~s E-5

Source SS df MS F-ratio

Month 299.4093 11 27.219 .56i

*Error 3010.4296 62 4e.555

Total 3309.8378 73

r 5 9.595 z10

Soure SS of MS ____

.7-Mort r 164.177 11 1 -. 925

E-.rror- 2290.810 62 36.949

Total 2454.989 73

%r 6.014 z 6
% 4
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TABLE 3.6 (Continued)

3.6.d ANCVA Table Accessions E-3

Source SS ," MS P-ratio

IMonth 797.QI36 -2.521 1.223

Error 3675. 143 =E5.875

r = 11.041 z 13

e J - -0 . c -essi'ns --

Eour,:e SS 'I. F-rat io

Month 1936.092 = 215.188 .329
except
DEC, JUN

Error 33983 52 653.537

Total 35920.597 61

r2 (except DEC,JUN) = 32.73 z 33

r-IDEC) = 22.0 Z

r 2:JUN) = 12 .- -E

Eased on the anaL s. arn the discussion above the

:)w., es Tiati ns ie- -
2 sea r the recruitment vector.

The estimated aczesa ors 'or E-3 to E-6 is the average

of accessions over 7. mcntrs (CCT 79 to NOv 85).

The estimated accessions for E-2 is the average of

accessions over 74 months. The estimate for December is the

average of six Decembers (1979 - 1985). The estimate for

57
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June is the average of June accessions during 1979-82 and

1984-85 (1983 was rejected as an outlier).

E-I acz=s'::ns are estimated by subtracting the

accessions esrimazec above for paygrades E-2 through E-9 from

t rie -al n(- aIa essnions (R(t)). Total monthly

accessizrs Zre -ic1at ed b,/ subtracting last month's

attritions i.e. a7:r-tlcn rate times the stock) from the

forecast tcta! So70 ':r this montn (N(t)). Computation of

S J s -eIn rnoe !V.

The total aczessin eu,1aloon is:

i=1 1

Then E-i ac-essicns are:

9
r, (t)= ) - Z r. (t)

r e ave aoe ,-essis, r , for paygrades E-2 through E-9

are simmar::ec ac,,e :e Table 3.6.

Periodicall, tne CG decides to restrict accessions in

payc-aes -. -n this case the model may use the

same esi a~es :r ca,,races E-I to E-3 and zero for E-4 to

E-6. We exam77e: rether this change in policy had any

effect on E-2 and E-3 accessions but could not determine any

significant changes as the result of this policy variation.

Our data under this type of policy change was limited to ten

months (December 1965--September 86) and we recommend

S. 5e
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further evaluation of the assumption that there is no effect

on E-2 and E-3 accessions as more data becomes available.

C. PROMOTION RATE

A brief description of the promotion process, exzanding

on our comments in Chapter ! is usef.l to -ar', =he

derivation of the flow rate estimations ee!ooel 7e7?.

Vacancies in this model are defined as the ci;erence

between the authorized strength (numbe- :F "o'>es nr a

paygrade and stocks in that Davgrace. Dan :e

generally divided into two categories--> _init-

(operational and support) and general detail 1oersonnei in

transit,leave enroute to next duty station, imorisoned,

extended hospitalization,undergoing extended training or

schooling, and personnel in non-specialty jobs such as

recruiting). Billets are essentially limited to one and two

I.z2

percent of the total force strength for paygrades E-? and E-8

respectively. The basic billet pyramid *istnibueion is

based on historical precedent which in some cases is oasec

on well documented needs ( a ship or airstation's standard

organization) and in other cases basec on JnOccjmente:

heuristic decision processes developed as znanges a~rc 2eecs

were managed. Billets are generally added and subtracted

from each paygrade as units are authorized (new ships or

airstations) or decommissioned, or as new missions are added

by Congress. Changes in units and types of units usually

have prescribed manning levels, however, if these violate

V' 59
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other mandated size constraints, then ad hoc changes are

made. New missions frequently have no clear cut personnel

structure and the changes created are difficult to estimate.

There are efforts in progress to quantify these -equirements,

most notably in the general detail portion. Other studies

"-" are being conducted to evaluate the "egitimacv o the zurrent

structure. The best generalization that seems to be possible

from examining the current methoo of mooi ving the billet

allowances is that in the snort term ,ore ,ear', tne -ati0 --

the number of billets in a paygraoe to cne total monthly0

force strength remains the same over time from one month to

the next).

Promotions attempt to fill billets as fully as possible

from the top down. If a vacant billet cannot be filled from

the grade below, the CG attempts to fill it with the next

lower paygrade. This procedure terminates at tne E-5 level.

- The process is further comp iicatec Zecause the actual

promotion process is categorized by rating (specialty) as

ell as paygrade. Some ratings have histories of chronic

02,

sortages -211 Z- *5Mer

opporunit ies. 2u- 7cZei 15 r;C _ _ : .2; ie -.a I

but vie will consider the effec o r r3 ic shortages Ahe-

calculating the number of billets that will remain unfilled.

Careful examination of the process seems to indicate that we

can view the process without regard to ratings and still not

reduce the quality of our estimations.
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.

Promotions can be broken into two general processes.

1. Promotions to payqrades E-5 throuqh E-9

Promotions are -a.:..iated from paygrade E-9 downward

as follows:

a. The stocks frcm -he "i-st oav of the current month are

obtained from P1IS naracase.

o. The following personne. novements are subtracted from

stocks:

An eszimao aczr--:on rate is applieo to known

• enlistment exoir ations for the current month. In

the smaller Davgrades (E-8, E-9) these attritions

may actuailv De anticipated by the assignment

officers who are assumed-to have more current and

accurate information than the database.

(2) Retirements

Retirements or the upcoming month are

anticioatec v e ters on file.

(3) Anticipated 4arrant officer promotions

(4) Promotions -c the next higher paygrade.

- The resui : fuc-vc-i1o -,-e aoore personnel movements

from the beginnirq Df nontn stocks is the anticipated

end of month 3zcks prior to promotions to the

. paygrade.

d. This projected stock is subtracted from the planned

billet strength for the paygrade to determine the

61
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number of vacancies for the next month. These vacancies

are t he 'ec 1 ith promotees from the next lower

S 3 e S n = c hch cannot be filled due to

s ?eT:~e eligible for promotion are

car~le c. . .. . -e xt paygrade.

-::-;ccres to account for changes in the

general cetai. -:- -?av -ause overages (i.e. the number of

nillets -s -- ase e,,en though no attritions occur). For

eyamooe, an Z,- -16o, le I ing an E-B recruiting billet

Sthis is a .e-. :eca-,- i.llet and not a specialty billet).

.4-- If there is a /acanc/ for an E-9 in his/her specialty and

he/she is the senior person eligible for promotion, he/she

will be promoted. However, the specialty vacancy remains

unfilled because the promoted E-8 is not eligible for

transfer to fill that billet Additionally his/her status

as an E-9 in a general detail billet is exempt from statutory

umber limits :r mart oaygrade (i.e. that E-9 doesn't count

toward the :ne Dercent constraint). CG policy is to promote

the next eligible E-8 personnel to fill that E-9 specialty

11acanc/. -ate- , .s zossible for the E-9 in the recruiting

Millet to oe n=ser oack into his/her specialty. Both

persons are rcvj co.nted against the specialty billets, and if

there were no attritions from that paygrade, the CG is now

overfilling tne E-9 billets. The purpose of this

illustration is to demonstrate the minor policy variations

that could account for overfilling of vacancies, especially
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in the upper paygrades. The numbers involved are so small

that we will consider them insignificant for this model.

2. Promotions to paygrades E-2 through E-4

These promotions occur on an as quali ed csa

When an individual has completed the re~ui7-emenrs z-r

training, time in service and paygrade, a~nd :erons7r: '-:

competence, he/she is promoted. Personnel irn PaVqgra~eS

and E-3 essentially fill the same jobs, there-Fare tne :3 :ces

-3 -- e. -oe e n,

not regulate the promotions o E- otr -than neer.e

the requirements described above. The ormoions 7z oa

E-4 are mainly regulated through the use 3f A-scnoo.

(specialty training required for many ratings) quotas and tne

service wide examination for the small portion of individuals

who 'strike" (qualify through equivalent on-the-,joo

training) for their specialty. All qualified .strikers" are

advanced on 1 January and 1 July. These two metnods att empt

* . to keep the E-4- stocks in line with the authori-zeco ile:E-

and unfilled vacancies which have been car.-:ed *:c~n f-,7om tthe

upper paygrades. Figure 3.1 is a graph of the number of the

cumulative, unfilled vacancies in the a rc zc~t

paygrades during the per d October thq E-c

1986. Positive numbers indicate vacancies anc -negaive

numbers indicate that cumulative stocks exceed billets. it

.' omappears that the process of carrying the vacancies down

varied considerably.
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CUMULATIVE UNFILLED BILLEIS [-4 TO [-9

C

C

OC7 2 U-.ANei6

Figure 3.1 Cumulative Unfilled Billets

3. Model

Our model attempts to reflect the actual process used

Oy the CG to; determine the monthly promotions (and

consequently the promotion rates). 7he 'rollowinc equat:jns

were developed to estimate the promotion rates.

a. Promotion rates to E-5 throuch E-9

In order to attemot to capture ':he oreviousiy

described promotion process, we : t' he number of

vacaric es VYe expect t o fill during a month. This w~ill

usually be less than the anticipated number of vacancies that

* will occur because for most paygrades, we expect to leave

some portion of the vacancies unfilled. The number of

promotions is then calculatea as described previously.

46
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As previously mentioned, historical data shows

that the number of billets in paygrade i is a proportion of

the total force streng-n. -re-e-ore, the following parameter

is defined:

P R = !;he ra ._ ::i"lets in paygrade i to the

%C c ! oeF r 3 "'e s

This parameter is es::ma-ec as -e ratio of the 1986 monthly

a ,emeagen - ". -s " s .avqraae i to the monthly

ae 3Ze M re tota -_oe 2 ets. Ae decioed to limit

-te ca to the ncst :- 'ear to minimize the upward trend

* A of the ratios in severa 3" tne zavgrades.

Next define

PCT (t) = the per:_entage of the billets available in
i

paygrade i 'or '/ni:) we expect to have enough

eligible personnel to promote.

7his variable atremccs to caoture the CG's oreviously

-escr~ied inao:.. at t .- a- oi ets. This variable is a

function of time. For example, in January and July, when the

-eA 1 ists of peroonre e:":ie for promotion are issued,

*:" -e'- as a s;n :-r .o-ease in te abil y to fill

azcaes becau;se at -mt -ime :lie CG may promote as many

-tlalfed personnel as Lcss-.ze to fill vacancies. The

PCT (t) values were estimated as three year averages for

1q 84 through 1986 for each month t and each paygrade i.
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N':%r

Next, introduce

. N (t) = Total stock on the last day of month t

n- (t = -:zcz of ::avgrade i on the last day of month t

=umoer -r:motec f'-om paygrade i to i + 1

zur i- 7-e -er:co "::,t for i

Also define

'-. . romotion rate form pavgrade i to

-rv:r- e -ac

* t . is es:. : sas the number of promotions from

paygrace i- ' ivioed by the stock of paygrade i at the

- beginning of oer-occ t.

The number of promotions is calculated as
follows:

1. First zomQL.te tne projected number of billets in

paygrace i turing oeriod t PYR* N(t)

2. Me - mc =? t7.e oro jected number of billets in

pavrace 7-,a 11-i be filled during period t:

PCT. (t) * PYR.* N(t)
I. I

3. anal' , re ro~ected number of promotions to

--ice urrc er'zd [s-l,t s

fl-'n (t) = , - * N(-) + n (t) - [n. (t-1)*{l-w Ct)}]
--I-1 . 1, t,, .,iii+11

", t= 2 , 125 C . ... 1

It is possible for the CG to shrink in total strength so

that equation [3.11 would estimate a negative number of

-, J. promotions because the decline in the estimated number of

-- billets exceeded the estimated number of attritions.

.%' .% 66
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t8 Accordingly, we reflect CG policy by modifying our estimate

to be

n-_ t) max [0D, n., ,-i-l, i i i. .

The promotion rate is then estimated by:

P (t (t) t)- .(t
i- ii-1,j i

.'- The results of these estimates are summarized in -ae z..

TABLE 3.7.a PROMOTION RATES TO E-5 THROLGH E-3

E-9 E-8 E-7 --

PYR .010 .Ooe- .0896 . Ci.

PCT(t) 1.0 1.0 .998 ,P .3Fd
e excluding
JAN and JUL

.CT(Jan) 1.0 1.0 1.0 .960 .900

PCT(Jul) 1.0 1.0 1.0 .960 .900

b. Promotions to paygrade E-4

These promotions are directly tied to the

internal policy of A-school scheduling. -e :actors

affecting this policy are complicated anc ne Cala seems -

indicate that the policy varies considerably. Our proposeo

estimate of the E-4 promotion rates is based on the

observation that there is a large increase --e m2'c2n

rate in January and July which we attributed ert-e tc e

policy of promoting all strikers' from the -,e/, acvarcerent

list. No other time trends were observed in the data. A one

way analysis of variance testing the hypothesis that the

monthly promotion rates (1983 - 1986) for all months except

January and July are equal indicates that at a significance

* 67
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level of a .05 we cannot reject the hypothesis that the

rates are the same. See Table 3.7.b. Our estimates for all

months except January and July will be the average of the

other ten months' promotion rates f.ar 1283 - 1986 (40

observations). An examination of -ne "is-ori: striker"

promotions did not reveal any sigrni-::art trenos. We Ail1

, estimate January and July promotion rates as the four year

average of the respective monthly rates :r !P83 through

198e.

TABLE 3.7.b ANOVA PROMOTION ZA7 E 7n

0
Source SS df MS S-ratio

. Month (except .0027846 9 3.094E-4 .633

JAN,JUL)

Error .0146596 30 4.88E-4

Total .017442 39

p 3 4 (all except JanJuly) = .04133

P 3 ,(Jan) .07228

p (Jul) =.09355
3,4

c. Promotions to pavqrade --

Our hypothesis for the :rmo:ion rate Co -i5

that the promotion rates are the same for each month.

Hovwever, the data apoeared to indicate a iniform promotion

rate throughct t hC /ear -Ith a -ela i ely :arqe increase IT

July. We could not determine any internal (policy) causes

for this increase but ve suspect it is somehow related to the
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processes already described for the E-4 paygrade. A one-way

ANOVA of data indicates that a: a significance level of

a=.05, we cannot rejec: :.'ne 7,/po~nesis that the monthly

promotion rates for al- ncnt-.s exceot July are the same. We

estimate -he - orzmccn -a es as Ihe average of the

-Is oric m-ntn1  cromor on :es -r a: -ncnths except July,

over the years l983-l-_E. u,<s promotion rate is estimated

-sing a four year ave-3ce e :ve- :e same vears.See Table 3.7.c

".-', S~AELE 3.-.- -NCi.'- C 1 2-° Th TE -0 --i7;.B L
'Scur e Y19 -- ai

lI onth (except .COl% 1 7.193E-4 .672

JUL)

Error .0.2e6E-4

Total .0344136 -

P2,3(all except a - .06756

P2,3 (Jl

d. Promoti-s 7-" ,a'gade :-2

These promc:ions are the result of successful

_oletions of rec - - . e e a reasonale ei

lagged tVZ arc tr'-ee 'C-7-s S -ce -ecruit traring is E- jee s

in duration. e e ami1ec a linear regression model c the

for m:

n 1,2 = 0 +  (31 r 1 t-2 + 2 r 1 t-3) E

We found that the number of recruits lagged three months was

'. 69

N ......... ..... >." .-.. ?. ...



a statistically insignificant carrier variable and developed

a simple !inear regression model using only number of

recruits lagcec :wo montns. During the diagnostic phase of

tne regress :: anaLsis we decided to exclude four

o os er /a 1 iz)ris <N. 7iE2, EC93, JUL95) as probable outliers

amorq :ur -6 ::se- wizons. *-ur results achieved an R-square

value Of .fZ9. 'e Ielt tnese results were favorable in light

zf tne :roolems -e .)ac extracolatinc the historic promotions

. Zell . . - ao er .:. The '-esults of this model

are .4j.:~.- c

--L E. .3 REzSSDN RESULTS FOR PROMOTION TO E-2

2 17.39

S0

R -. 0

e .: :Dmctizn rates estimated by these

r e_-c: , see 7 .7nen compared to what is generally

See, -ee as 3' romotion rates. Our promotion

.- = -- . :- - e ert'-e stocK in the next lower

,.-,- . . . - .... ates are normally thought of in

-- those eligible for promotion. We

-ave -e I>3 zescribed the lack of data on eligible

Pers'Lr-el that prevented us from using this latter

definition. The difference will be consistent with the rest

of the model to be developed.
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IV. MANYEAR CONSUMPTION ALGORITHM

Each fiscal year (1 October--30 September' .ongress

, specifies two personnel growth constraints that are oe-tinerz

. to the forecasts of attrition rates and force stre2qoh. he

CG is given an end of year total forze strength -n,-e: n

annual Full Time Equivalent (FTE) target. The FTE target -s

. the cumulative monthly manyear consumption for a :sca. ,,ear.

More specifically, the FTE 'manyears) consumeo icn:i

defined as 1/12 of the average of the beqinni!7q :1 nonr:

stock and the end of month stock. The purpose of te =7;-

target is to provide some external control of the growth

during a year. A graphical representation of the

--.. relationship between the FTE target and the monthly stocks

*i should clarify the purpose of this constraint. In Figure

w 4.1, we can see from the preceding definition that the FTE

is equal to twelve times the area bounded bv the nontr axis,

the stock axis, the line connecting the monthl/ stocs ano a

vertical line at the end of the year.

The algorithm develooed in this section Aill Drcast nre

end of month stocks, N(t), during the fiscal /ear na,:

meet both the end of year stock target and the PTE target.

It will also provide a solution to meet these targets when

the starting point is some end of month during the fiscal

year, i.e. given the stocks at sometime at or after I October

it will provide a solution for the remainder of the year.
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OMONTH

Figure 4.1 P:TE = 12 x Shaded Area Jncer the ..ine

An initial examination of the prob em revealed that

without additional assumptions and constraints, there would

be a large number of solutions to any realistic set of

targets. Therefore, the following restrictions were

* developed by examining the processes that influence the

current decision making:

1. The change from the beginning of the year to the end of

the year should be as linear as oossible. This is

justified by the need to reduce large changes to the

system. Due to the small size of many units, paygrades,

ratings, etc. in the -S, a larqe monthly :hange in

total strength could have an adverse effect on adequate

manning of units. Additionally, a large change in the

tmcjthly stock would imply a significant change of

recruits at the CG training center; this is

undesirable, especially if the change results in a

large influx of recruits.
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* 2. The number of recruits are fixed at low levels for

December (there is an historic inability to recruit at

* higher levels -,c~ t-ne -ioliday season) and June

the CO recruit -r-nia :ener 1:s used primarily for

reserve 7 ec r'- 7 7-:a. I ur-, g the summer months).

Using hi.stor:c: o t , e ar-'vea at an upper bound of

200 Decernoer aca~m no 1,Do June accessions, unless

the CG shrinks z,/ ncre tn-an 31-00 during a year, in

-in1C n Z:s a 7e -are~:n 3 2xeo at zero ror both

Decemoe- a.o :ire.

-. Given tne aoove s! zi-Orsl ~e should attempt to

preserve !:near--:,/~ tne longest number of months

possible. We assume tht techanges occuring during

any particular month are linear.

4. Historical data sncws recruiting efforts are most

successful in Aucust, 3eotember, October and November.

These months o'v'Ce the most flexibility in meeting

quo tas.

A. MODEL DESCRIPTION

7ne orzolom :r u - o an algorithm to determine a

nicue forecast z - -eo ::?c cn!tn strengths that w'ould.meet

the restrictions desc-i7:e, aco-'ie was facilitated by examining

a graphical representation of the constraints.

We previously me-ltioned that the CO prefers to change

linearly. Ideally, the monthly forecasts of force strength

would lie on a line connecting the 1 October stock and the
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icure i 'lnear Stock Description

following years .0 Seotember stock (Figure 4.2). This

solution is imOrDoale 'or the two reasons discussed below.

First, we have previously discussed the limitations on

accessions for December and June. As a result, accessions are

normally less than attritions and so, stocks decline during

those two months. Therefore, in the months of December and

June, we see a gec. :ne eauai to the difference between the

estimateo attri-ions ano the fixed number of accessions.

Otherwise, we can maintain linearity during the rest of the

year. The resulting monthly stocks lie on the bold line

segments in -igure -. z.

Secondly, as o:scjssed previously, the FTE constraint may

require the 73 o change more toward the beginning or,

alternatively, the end of the year . The pure linear solution

could only provide an FTE equal to the average of the 1 OCT

and 30 SEP stocks. The piecewise linear graph we have just

described will allow us the flexibility to find at least one

47
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0

I OCT 31 NC.( 31 .. M~ 31 6A 31 kAAY 31 AL 5C SE

ft.Raure'-.3: Fiece- Jlse stoc- : t=~ o

* one solution that satisfies any FTE const:-aint Z,

area under the five line segments. The dasned .

Figure 4.3 demonstrate and example of a larger PTE 'create-

area under the line segments) and alternatively a smaller

FTE. Specific examp1lEs may clarify the changes in FTE that

are possible with the five line segment description. in

Figures '4.'4 through 4.8 we are looking at three d fe-ent

five-piece line segments thiat connect the end of mon stck

for 30 September (31000) with the 30 Septemboer stcock

(33000)of the following year. Figure 4.'4 demonstrates an FTE

that is the average of the beginning and ending StOCKs. -h>s

would encourage the CG to grow in a linear manne-. zu; e

4.5 demonstrates an ETE that is closer to the teqinr:nq

strength than it is to the ending strength. We can see that

this encourages the CG to grow more toward the end of the

year than close to the beginning. Figure 4+.6 demonstrates an

FTE that is closer to the ending strength than it is to the

4ftft~*75
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beginning strength. This encourages the CG to grow more

toward the beginning of the year and less toward the end.

S-ART 3. O1C0 END =_12CC0 7,E =2230 A .431

Pigure 4.4 Default

Fi ur 4.5 Lo e-:T u .z iig e

% 76
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a unique set of line segments that concurrently satisfy the

accession restrictions and the FTE constraint, i.e. the area

under the i :-e se ment .mst equal twelve times FTE. We can

subsequent., :es- Ze a nrIue equation for the area under

the line iegme~z "n 7e-ns of the monthly stocks.

e zan -. o s soec ca1 oescribe tne equation of each

line seomen: :ne g enerai I orm = mx + o. We will

initially cesc-ioe separately each line segment. Later we

"'"i-z.ge-e- -:-n e Ine segments :nrough their common

LCn:5. -i--I S . :esz-zae :e s'ooe Df -me 31 DEC -31 MAY

* :ine se:me.: - 7 : ns~:o to the slope o the 1 OCT - 30

SEP line -Ine a .near case). The slope of the I OCT-

30 SE: line ni" e :aii DEu. The slope of the 31 DEC - 31

MAY line seg.ne-t ill be described by the multiplier (A)

times DEL. 7e 1-t-ocuction of the multiplier A and the

reference to t e '-ne 1 OCT - 30 SEP slope (DEL) will be

toI i ~-~p a t . to the algorithm described later

D ecae :-e _- - T .tar o -ange .i to zontrol the monthly

rate o+ znarce i- s-:ocks. The multiplier A will allow us to

cna e t z ::e ' e 31 DEC - 31 MY line segment Uy

~e -i~ sc -0": the slope

-.f -e : -EZ _. ' 1e segenT e s ' ore or less steeo

:a - -~z -e :zal i EDT - 3d So, terner l: e. We

know that a '. a l th e'Fo-e, a- I F eases t'e

steepness of t-e slcpe and an A < dec-eases the steepness

o *he slope.

7e
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In order to describe each monthly stock in Figure 4.3 we

first need to define the following variables:

Let t refer to the end of the month, namev:

t=O means 30 SEP t=7 means 30 -F

t=l means 31 OCT t=8 means 2 1
t=2 means 30 NOV t=9 means ': ( J
t=3 means 31 DEC t=10 neans 1i u-L

t=4 means 31 JAN t=11 means -"G
t=5 means 28 FEB t=12 means 3Q 3E?
t=6 means 31 MAR kfolloving ,,ear

Further,

FTE = The manyear consumption Eae'

N(t) = Total strength at time t

N(O) = Total initial strength (given;

N(12) = 30 September Stock (given), i.e. total

end year strength

WJ = 1/(l-June attrition rate)

WD = 1/(l-December attrition rate)

RD = December recruits, fixed as deszritec

above

RJ = June recruits, fixed as 2esc-Oiec _ccve

DEL = (N(12) - N(O) )/12 : slope -,, ii11e

segment connecting beginning ano enoinq
stock. The algorithm developed in t -s
section requires that DEL -ct eca .

From a c-ractizal stanConir7, -. ne --- 3
,frence tet jeen -e Oez i - n 3

ending stock of at :eas :e. -2L-

practical purposes, this Ni.. =,e -c
effect on the end results.

A = the slope multiplier

7.
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Each line segment in Figure 4.3 is now described in

Table 4.1.

TABLE 4. 1: STCK PDJMLL.:E

N(11) =N(11) N -

N(9) =3N(1l;)-2N(1;2 \1R. liKZ E ~L.

N(9) = WJ*N(c?-WJ* 3J 1112 = D -

N(7) = N(e) - *DEL I~ = f~ f- ~N

N(~) N(B) -=A*IDEI.

We next formulate thf-e equation or- 'e area Groe r :e

line segments and solve for each of the Mon~nly stocks. This

is an uncomplicated but tedious procedure tecause of t -e

* .numerous variables so we will solve the problem in three

parts.

1. Part 1

Part 1 :sa -iol-t ion fr 0- ,e -Cce. 5-ir': -.- O

All stock<s will De -eferenced to z. - e NL

A~ugust was selected to simplify the solution to part 3 (mic

perioc s-l t~cns). The mu-lticlier - sec ':--s mnay -e

modi~iec n,, t-e ~s'e 2c

rate. w.e ji I orov ice a ea1tsc~c o -~e r.

(~' in oart 2.

2. 2~t

Par t 2 is a solIut 1on for T the multiplier r- to

* .optimize the model. Optimization vqill be defined as the
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least squares solution which minimizes the difference between

the solution'; stocks ( as shown in Figure 4.3) and stocks

- ,nicn woulo result --r a trai.nt line tetween the current

montn s stocks ano the ]C 3;- stoc< target.

3. Part 7:

Part .5 a o *j:-12 cr t-e iroDlenM starting at any

- oint in the /ear. Throuun :e -se of binary ,ariables and

minor modifications to -tre assumoticns described previously,

* e oeoi .  our :reasz- = iome-.Tne a 7Ter- * 1CT and '. 11 project

L "eW StcKS " r -7e -ema :7oe -Dr :7e /ear -o neet tne original

:2nst-ai nts.

B. SOLUTIONS

1. Part F ul l Year 'coeI

The o;jectlve 7ere "s to find the end of- month

st-enqths, N(t), for all t 1,2,...,11 that will meet the

z:-straints cesc :ec o-",., ! ,r this chapter.

The -s- ;re -_esor:be each end of month

-:oc2 ,Nt), 7m aoe :terms of the 31 AUG stock,

(1l) The results ar- =rMMaroe Ze 1 Table 4.2.

Nlext, : 2-s' :2 oo. e -Cr N( l) .e write the

2L TE = 6- :iB) 7+ZZ N(t [4.1]
t-

e1



TABLE 4+.2: MODIFIED STOCK FORMULAS

N(11)= N(11)

Ni2 A..j*31\11-2N(12)-RJ]

vT. A7J+---N(li)--F-N( 12-RJI-t*DEL

A (o ~ j* ,3-N(li)-&-'\1( 2)-RiJ-2A*DEL

N~c) = WJ*C3N( 1)-2N( 12)-RJJ-3A*DEL

= ~ _N IN1-N12) -R,: -5A*DEL

N(2) i 'J*D JN 1l.N(_1P)-RJ- WD*[5A*DEL +4RD]

N(1) 5 iN _(0,-A-,J*1,D*N(11)-2N(12)-RJ] WD*C5A*DEL +RD])

We then make the substitutions in C4.1J for each N(t)

given in Table -.2. The resulting equation is then expressed

in terms of N(il) and solved for N(11) to obtain:

NI = \iLMi -4 A-NUMEJI- DEN C4+.23

where, -For ro~a~icral simplification,

lr., re.naininq 'i~ are solved by back substituting the

it~1 >-.2J f :r in> fto Table 4.2.
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2. Part 2. Determining the optimal multiplier (A)l.

The optimal multiplier A is defined as that number

w.hich provides the least squares solution rinim:i--iq me

* ~vertical distance between the projected stocks and tt-e ~.k

lying on a line between the starting stock and endirr s-jx

This measu-e of effectiveness was Suggestec m":e

*-desire to remain as close to the 1 OCT - O :,E= n e

possible. We define the following additional variables:

Let P(t) be the stock for month t 7lyi4nQ Dfl :ne !-7

-. segment connecting N(O) and N(12), i.e.

P(t) = N(O) + [DEL*tJ t=1929.. . ,11

Let D(t) be the derivative wjith respect to A of N(t),i.e.

D(t) SN(t)*S
- Then from Equation 14.21 and Table 4-.2,

D(11) =NUM2/DEN

* D(10) =2*NUM2/DEN

D(9) =3*NUM2/DEN

D(B) =3*NUM2*WJ/DEN

D(7) =3*NUM2*WJ/DEN - DEL

D(6) 3*NUM2*WJ/DEN -2*DEL -.--

D(5) =3*NUM2*WJ/DEN -3*DEL

D(4) 3*NUM2*WJ/DEN -4*DEL

D(3) =3*NUM2*WJ/DEN -5*DEL

D(2) = 3*NUM2*Wj*WD/DEN -5*WD*DEL

D(I) = l.5*NUM2*WJ*WD/DEN -2.5*WD*DEL

83
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The optimal multiplier A was defined as the value of

A which minimized the sum of squares of the vertical distance

between N(t) and P(t). We can solve the euat:on -esulting by

taking the first derivative of the sum of scuares set eQual

to zero to obtain the optimal value of A:

CE E (N(t) - P(t)) 2= 0-

SA t=l

Taking the derivative with respect to A Ne obain:

11

2* { EN(t) - P(t) : D(t. 74=-

t= I

* Substituting equations [4.31, C4.4] ano :ne values in

Table 4.2 into equation C4.6], we can solve for A.

Z D(t)*P(t) +ENUMA*K3]+ENUMB*KI]+CN(12) *K4]-C(NUM1/DEN)*K5]
=t=l

A opt =

opt- [DENA*K3] + CDENB*Kl] + [(NUM2/DEN)*K5] - DENC

... [4.7]

where for notational simplification:

* KI = D(2)+.5D i)

K2 = .5N(O)*D(l)

B
K3 = Z D(t)

t=3

* ---- K4 = D(lO)+ED 9)

K5 = D(11)+2D(10)+3D(9)

NUMA = WJ*E2*N(12)+RJ-(3*NUMl/DEN) ]

NUMB = WD*{[2WJ*N(12)]+[WJ*RJ]+RD-E3WJ*NUMI/DEN]}

DENA = 3WJ*NUM2/DEN

DENB = WD*[(3WJ*NUM2/DEN) -5DEL]

84
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DENC = Z (8-t)*DEL*D(t)

t=3

Taking the second der,aive with respect to A of equation

*'. >4.57 to see if our so-uticn is a minimum and making the same

-,Stitutions that Ie -0 uat=Zn E4.6] we obtain

* -- ' - - - -- -- - -- - -- ,'I! - - ' -. F , -,"

tGi--[4.8]

,nere we have de ineO D - -N(t

-" u: it =e examine tr,_ -s * e uazions L-.-+] Ae see that

Mne 7irst derivatives. ( are rot fTunctions of A for any

- value of t and tneretzre :me secono derivatives , D_(t) are

-. always zero. Equation --. EJ lecuces to

2 2 12
S Z EN(t. - 1t)] = 2*- D (t)
2 t=l t1i

Therefore, since we previously stated that DEL is never equal

- o zero, the second te' = a a e -s always greater than zero.

Therefore our solution -r e optimal multiplier A is a

minimum of the least squares equation.

3 Part 3, ar Ia a -a7 ode

Te essence "-e r ns -c the various zases of

the partial year mcoel -=sc.oec oelow is the binary variable

Z(t) which turns the montms prior to t off when calculating

the partial year cases.
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The following variable modifications and additions

will apply to all cases of this variation of the model:

st= arting month k= 1,2,... 12

FTE Thje anual manvear consumption constraint

;:TE The inanvears left to consume between

n-onth" k and the end of the year

K
-:T Z EN(t-l) + N(t) 3/24 [4.1.a3

t= 1
*The binar.i rontm viiz variable is

- --for t> k
0 otherwise

D EL = N'l2,-N(k)] (12-k)

The points on tne lie connecting beginning ad edn

* stocks, N(k) and N(12), are

P(t) =N(k)- :(t - k)/(12 -k)J*DEL ,t=k+l,...,12

If we substitute Z, (t) *N(t) for N(t) in equation 14.1.a3,

* and make the same substitutions we made to arrive at equation

[4-.23 we*:t<'

N(11) = .>JLMI - -*NUM2)/DEN ['-.2.a3

where we now redefine

NLM: WD*(WJ*RJ+E2WJ*N(12)]+RD)*(2Z (1)+Z (2)1) +
NLI 4k k

< k k k
t-=1

NUrlE 2DEL *( 8-t]Z (t))+ C5WD*DEL[2Z (1)+iZ (2)1)
t3 k k k
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Ci •- 8

DEN = 2+4Zk (1O)+ 6 Z k (9)+{6*WJ*E Z k (t))+{3*WJ*WD [2Z k (1)+Z k (2)])t=3

* -' -- An examination of the equations and graohical

representation in Figure 4.3 reveals that there are three

- different cases possible when forecasting stocs after -1

-October.

a. Eleven month case (k=l)

We need to forecast stocks for 30 NOV :rrouon

30 SEP using 31 October data. This case Ni-" ce an

abbreviated version of the part I model and i orecast

N(2) through N(11).

The optimal multiplier A is calculated as in equation

[4.5] by'substituting D(t)*Z (t) for D(t).

We solve equation [4.2.a] for N(11) where k=l and, by

substituting N(11) into the equations in Table 4.2 and

finally modifying the stocks by substituting

N(t) = N(t)*Z (t)
1

we obtain the forecast stocks N(t), t= 2,3,...11.

b. Ten month through five month case (k =2,3, ,7'

We need to forecast stocks for the -mainder Df

the fiscal year, beginning with any month between 30 November

and 30 April. This model is also a modification of the part I

model. The difference is that there is one and only one slope

of the 31 DEC - 31 MAY line segment that allows the FTE

e7Si



constraint to be satisfied and therefore there will be only 1

multiplier (A) possible. See Figure 4.10.

%p.,

1= ~ 31 MW 31 Am 31 W" 31 12.M A map

UONTd

Figure 4.10 : Ten to five month Zase

In this case we forecast N(k+l) through N(l1) where

k 2,3,4,5,6, or 7. Define the following variables:

C1 = 1 if k < 4, = 4-k otherwise

C2 =2 if k < 4, 5-k otherwise

C3 = 3 if k < 4, = 6-k otherwise

C4 = 4 if k < 4, = 7-k otherwise

C5 = 5 if k < 4, = 8-k otherwise

The following are the modified equations to account for the

abbreviation of the forecasting model:

N(3) = N(3) - Z(3)*[WD*Y(G)-RD]

N(4) = N(3) +CI*A*DEL

N(5) = N(3) +C2*A*DEL

N(6) = N(3) +C3*A*DEL

N(7) = N(3) +C4*A*DEL

N(8) = N(3) +C5*A*DEL
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N(9) i1-WJ]N(8) +RJ

N(10) 1 /3E2N%-7 -Nk\J

--a substitutee;2iio2N L$aions into equation C4+.63 and

__iefr-h u:11e n-7 ae^a j oIvc equation

The result is;

24FTE-3N(12)-4.Rj-N(o -2': t>32W}{NO- (3)*rLWD*N(O)-RDI))
k

12 (4) *CJ I .(!)C 7)*C4] + 'LC3-2WJ)*Z (8)*C5]
k k

[4.103J

We can nlow solve -Lor IN(t) by using the appropriate

equations described aoove We can eliminate months prior to

4 the current month k by modify/ing the forecasts, using

N(t) *2 k(t) in place of N(t).

C. Four month ~ho on e month case (k= 8,9,10,11)

We nee'n tm-:e2s eno of month stocks beginning

at any perioo after 3'L 01'Y. =3ee r-igure 4+.11. We wil~l ignore

the FTE constraint in this )ortion of the model. Relaxing

:hL FT 7E constrain,: ma ,es -5ense ::ecause at this late date, our

'Crecasts A~ill *-)av/ _ mcrz: on policy changes that

Nould be necessary to -na~<e 5ignificant shifts in the growth

patterns. A method to include ETE is discussed in Chapter VI.
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MONTH

-~ 1~r P. our month case

Th s :ase is -ised to forecast N(kil) through N(1l)

where k 7 he solutions are simply applications

of the genera-' ecquatlon y =mx +b, with

=N(S)*[.!/WJ]+ R.J for k 8

N(0 CE -'>N(9) + Cl/3]*N(12) for k 8 or 9

- :,*9 [2/3]*N(12) for k 8 or 9

.I :] E5*N 12)J fo k =10

C. EXAMPLES

We previous:/ tescribed the output of our model for

various - :Cfsr1-~-its in Figures 4.4 through 4. 9.

Additiona-Iv, se C see the effect of changing the

multiplier A from the default value calculated above.

1. Growth examplie

In Figure 4.12, the default value of the multiplier A

is 1.431. In Figure 4.13, the value of A is lowered to .75.

This causes more rapid growth at the beginning of the year.
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A value of A higher than the default in this example would

have caused more rapid growth at the end of the year.

......... ,/ .k ... .. .

/2

"-- 7- -, - -)

LI " S7AR7 = Z'000 END =730C0 -TE =32000 A -1.431 START Z 1000 END ---- O'''''0 -' =32CC0 A 75 .

Oh

-.- Figure 4. 12 :Default A Figure 4. !3 :Lower A

S2. Shrinkae example

F rIn Figure .14,the default value of the multiplier A

is .8. In Figure 4.15 the value of A is raised to 1.5. This

causes a more rapid decline at the end of the year.

Similiarlv, a lower value of A would have caused a more rapid

decline at the beginning of the year.

We can use the changes obtained by modifying the

multiplier A to include the effect of anticipated changes in

" the -ec -tlnqg environment, i.e. the CS may want to cnance

the multiplier A to capitilize on good recruiting months.
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U-

ocT %''OV 31 . 11 UM 35 31 JUL 2o SEPz Jt 30

2AT2Zr 'CC-t 0tigure 4t.14 :Default A Pigure 4.15 Hiqner A

The algorithm vill always orov~ide a solution at the

beginning of the year when FTE > 0. Clearly, the solution may

0 violate other constraints such as thie upper bound on monthly

*recruits and mid-year calculations may not have a feasible

solution to the FTE constraint. The algorithm will provide

feasible solutions to historically typical data. Other

atypical situations and possible alterations to the solution

will be discussed in chapter VI.

Lastly, it is possible tnat the CG would want to

explore the effect of ignoring the FTE constraint. The most

practical implementation of this decision would be to use the

model as developed and input an PTE constraint that is the

average of thie beginning and enoing stCC<. The e-ffect of

this FTE would be to approximate a straignt line.
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V. MARKOV TRANSITION MODEL

We have cnosen to consolidate the personnel movements

described in Chapter III into a modified Markov transition

model as descr7oed bv 3artholcmew and Forbes [Ref. 2:op. S5-

IDO]. -hi3 ooei Nas zhosen Decause it seemed to ios +

closely reflect the type of system the CG has and for which

we had comolete data. The CG nas a hierarchical cavgrade

struc:-re arc Dersonrel flows :onsisting solev of aczes-

- sions, attritions and promotions to the next higher paygrade

* " [Ref. 2:pp. 85-87]. However, the following modifications to

* the standard Markov transition model are needed:

1. The CG personnel flow rates are non-homogenous (they

differ from month to month).

2. There are constraints on the number of accessions per

* month. As described in Chapter IV, December and June

aczessiors nave an upper oound of 200 and 100 -escec-

tively, and a lower bound of zero. The remaining

months have an upper bound of 720 and a lower bound of

3. The numoer of E-2 and E-9's is lni:ed bv +-Z t :.o

percent and one percent of the total force strength

respectively.

4. The 30 September total force strengths are specified

5. The rate at which the CG changes is regulated by the

man year consumption constraint (FTE) set by law.
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These modifications , except the accession limits for all

months other than December and June, have been explicitly

integrated into the forecasts of personnel flows developec

in the preceoing o znapters:

i. The persornnel flc" rates disc-ussed in Chapter -'- ^Je-e

Sdevelopec as a furc ion of tne time of year.

2. The Decemoer and June accession constraints were

incorporatec into the total force projections developeo

in chapta= :V.

3. The E-3 anc stock constraints were incoroorated

* into the promotion rates developed in Chaoter I1

through the use of the PYR variable.

4. The 30 September stock and the FTE constraint are

incorporated in the force projections developed in

Chapter III.

We have decided not to explicitly incorporate the

accession limits for any months except December and June

,ecause they are not operative when the system is within its

historically typical bounds. In Chapter VI we will describe

a metnod to m.-odif 1 the model in circumstances outside of the

The Aarkcv transition model states that, on the average

[Ref. E:pp.7--], the stock for paygra,'e i at the end of

month t. is equal to the number of paygrade i personnel

staying during month t, [I - pi (t)- . (t)] * n (t-1),
1,i+l i i

plus the number promoted to paygrade i from paygrade i-I
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during the same month, [p. (t) *n~ (t-1) J, pluIs the

accessions into paygrade i during the same month, r.(t).
1

The notatizn used in the Markov transition model has been

develooed ano descrited previously. ti eetdhr

~r -ief .

n -nt tne stock of paygrace a on the last day of month

p t = the promotion rate fromn pavgrade i to

paygrade i+l

-the attrition rate -From paygrade i during month t

r. 7 ne --umner of accessions to pavqrade i cduring

* month t

Therefore, the Markov trans-ition model results in the

foil.cwing ceouations to forecast the stock of paygrade i at

the? end of month t:

n,(t) r) (t-)*[l-p (t)-w.(t) + n (t-l)*p .(t)+ r.(t)
1 1ii+1 1 i-l'i 1

i= 2,3,4,5,6,7 e

0 and

n't-.*C-p 1  )- (t)3 -r 0.t)

n t) =n it-1)*E1 (t)] + n (t- )* (t) -r 9 (t)
9 9 9 l* 8 9( 9

* - Ragure 5.1 is an example of the r-esult'3 of cour

o-ogramm'ec on a standard s~readsheet. e~a i--

vjitn a stock of 29953 and the total strergt.

at the end of the fiscal year. T-E- -T

31000 (th-e last number in th-e

column of numbers labeled

vector n n0) The r'j
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r.

recruitment vector and the total stocks were calculated as

described in Chapters III and IV. Each subsequent month's

column is the forecast stocks, n(t), as of the last day of

the month.

PROJECTED RESUiT FOR FISCAL tEAR !PB7

XT CT !OV DEC JAN FEB IR 4PR MAY SUN JUL AUG 3EPPA'

GPADE

E- 3 0 0 302 305 305 307 309 311 3 315 31E 315 316 312
-. J - 27o 2",2 2765 -765 :712 og00 2820 231q 2859 Mil 2Ht2 2S6 5

. A- ;414 5452 5456 E540 553 zrC9 r5 7 E

.. 56..0 .53 559 , 9 5636 56 0 5736 5724 5TO8
. E5 . 5420 5430 5717 "

.5 455 5 54 2 5 57 57 27 5686 56j" 5592 56 581i 587 5B81
-i4 7515 7543 7611 7671 7476 7501 7521 7542 7561 7579 7448 7430 7427
E-3 4286 4153 4020 3911 3697 3649 3593 3550 3525 3513 3507 3501 3476
E-2 2392 2734 2931 3278 3447 3271 3400 3615 3783 3927 3848 3558 3733
E-1 833 1361 1495 1140 1192 1591 1698 1706 1738 1331 1359 1819 1818

TOTAL 29953 30232 30511 30469 30683 30897 31111 31325 31539 31295 31455 31615 31775

FTE 2507. 2530. 2540. 2548. 2565. 2583. 2601. 2619. 2618. 2614. 2627. 2641.

-UM 2507. 5038. 7579. 10127 12693 15277 17878 20498 23116 25730 28358 31000

FTE

RECT 856 b58 200 601 741 707 699 692 100 708 804 686

T 856 1514 1714 2315 3056 3763 4462 5154 3254 5962 6766 7 452

Figure 5.1: Sample Spreadsheet Results

Figure 5.2 is another example where total strength begins

with 29953 and then shrinks to 29000 at the end of the fiscal

]- . year. The FTE constraint used was 29500.
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PROJECTED RESULT FOR FISCAL YEAR 1987
'4.' .

I OCT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

6~RADE

E-9 300 300 300 00 300 300 70 200 300 300 3Oo 300 300

" 506 506 505 50 . D 01 06 506 !06 5 O 5.
4,' E-7 2756 2756 2756 276 2756 2756 2755 2756 2756 275b 2756 2756 2756

E-6 5410 5414 5418 5422 5426 5430 5434 5438 5442 5446 5450 5454 5459
E-5 5455 5465 5475 5485 5531 5541 551 .5561 5571 5581 j91 5601 5611
E-4 7515 7543 7611 7671 722 7847 7854 7872 7887 7894 3072 8030 3003

- t-3 42S6 4f-53 41"20 3 1 ;t±o 35 1 44+ 3374 33 15 3220 3167 31 6
E-2 2392 2734 2931 3020 295-3 235 3-*2 2'70 2915 2950 2916 2637 272
E-1 333 999 770 ,0 D'; 301 3 735 b60 443 416 613 528

OTAL 29953 29370 29727 29750 29682 29614 2954t 29478 29410 29190 29127 290o3 2900

• FTE 2492. 2485. 2480l. 2476. 2470. 24t5. 2450. 2453. 2441. 2429. 2424. 2419.

cUm 2492. 4978. 7459. 9935. 12406 14871 17330 19784 22226 24656 27080 29500
FTE

RERT 494 295 200 339 418 423 '416 398 100 458 486 430

cum
-'081 494 '89 989 1329 1746 2! 2585 2983 3083 3541 4027 4457

.. Figure 5.2: Sample Spreadsheet Results
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VI. MODEL IMPLEMENTATION

A. IMPLEMENTATION

The estimations described in Chapter III, the forecasts

developed in Chapter IV, and the modified Markov model

described in Chapter V were merged into a comprehensive

Military Employment Capability Plan (MECP) model and

programmed on a computer spreadsheet. This programming

environment was chosen because it is widely used and accepted

in the Coast Guard. Additionally, it has the advantage of

allowing direct modification of most of the model parameters

and the spreadsheet formulas directly parallel the equations

developed in the previous three chapters, allowing easy

maintainability of the model.

2. The MECP model is deterministic and hinges on the point

estimates of the attrition rates, promotion rates and

expected recruits developed in Chapter III. Various

assumptions about the model constraints have been discussed

in the previous three chapters. Programming in a

spreadsheet allows a user to explicitly change constraints

and previously calculated values. This provides an easy

method to analyze the effect on accession needs and force

structure of the uncertainty inherent in the value of point

estimates and our assumptions. In short, the decision maker

can utilize the model to explore the effect of several

combinations of "what if situations. The purpose of
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this chapter is to describe the major effects of changing

some of the key estimates, constraints, and variables on the

aczession and force structure forecasts. The remaining

discussion in this chapter will focus on modifications to the

model in lignt of the spreadsheet implementation. Apoendix D

contains specific directions for use of the MECP model and

also descrines the detailed entries needed to obtain the

basic results of the model.

.B. REASONS TO CHANGE THE MODEL PARAMETERS

There are 7our major reasons that temporary :nanges to

the model parameters may be considered.

1. External Policy Changes

The legislated constraints (end of year strength and

FTE) may change during the year as programs are added or

deleted from the CG's missions. Other legislation might

indirectly influence the model parameters, for example, a

mandated zay -aise witnout additional payroll ,undinq might

influence the rate of growth during the year.

2. Internal Policy Changes

-le :3 oeriodica y z.anges internal o:_1.,-es i

ea .eng 11 of enlistments and contract ex!ensions,

retirement policies, promotion policies and the shaoe of the

force pyramid. The exact effect of some of these changes is

frequently unknown due to a lack of historical data. The

decision maker may, however, want to examine the effect on

the force structure and accession needs resulting from a

99
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particular policy change, for example, an anticipated ten

percent increase in attritions.

4- 3. Infeasibilities

Infeasibilities can be observed in two ways in the

MECP model. First, negative recruits and negative stocks in

.v44 paygrades E-l and higher are possible when a large shrinkage

is called for, indicating that the change called for requires

a change in the promotion and/or attrition parameters.

V @econaly, when "ERR" appears in one or more zells, this

indicates that a mathematical solution is impossiole. This

condition may occur in a full year model if the FTE is less

than 1/24 of the sum of N(O) and N(12); and in a partial year

model if the FTE consumed to date exceeds the FTE constraint

or if the multiplier A specified is other than the

calculated value.

4. Adverse Results

The model produces good results when the change

during a year does not exceed three percent. Ahen the

changes approach ten percent, major changes in the attrition

rates and/or promotion rates should probably be made. The

. "eed Cor changes will be obvious when the stocks in a

particular paygrade (especially E-4) are examined. There will

usually be a clear upward or downward trend in stocks that

will be unsatisfactory in the context of the rest of the

model. The major parameters used to modify the results are

promotion rates, the billet pyramid and the FTE constraint.

.4, 100



C. MAJOR PARAMETERS AFFECTING THE MECP MODEL

4 1. Attrition Rates.

Increased attrition rates may be needed to cope with

a decrease in force size greater than five percent. Figure

6.l.a is an example where the total force strength declines

-From 2qo53 to 25000 (b6. 5 percent). The negative numbers -n

the recruit row indicate an infeasibility (accessions cannot

be negative). The negative E-1 stocks are a direct result oF

-."" the negative accessions. To correct this problem, we recall

from Chapter III that accessions are calculated as:
9

R(t) = N(t) - Z El - W. (t-1)]*n. (t-1)
i=l I

and consequently a negative R(t) can be corrected by

increasing a combination of the attrition rates , W. (t).'. 1

Figure 6.l.b is the same scenario as Figure 6.l.a,

except the E-5 through E-9 attrition rates have been

increased 15 percent, the E-1 through E-4 attrition rates

have been increased 25 percent and the promotion rate to E--

has been decreased 30 percent. The modified attritions rates

accommodate the large shrinkage called for, without the need

for negatie accessions.

The CG may increase attrition by implementing inter-

nal policies such as allowing discharges prior to the normal

expiration of enlistment, or for below average performers.

The MECP model may give an idea of how much the attrition

needs to increase to achieve the desired end strength.
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PAY 1 OCT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

GRADE-- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- E-9 300 295 291 288 285 281 277 272 267 263 2.59 254 2O
E-8 50o 497 491 486 482 477 472 467 463 4! .+48 4 37 i2e
E-7 2756 2752 2747 2743 2740 2735 2728 2719 2712 2704 2695 2683 2673
E-6 Z";, 537, 5351 5320 5306 5280 5254 5229 5202 5173 5140 5106 5'73
E-5 5455 540 5375 5347 367 5323 5274 5220 5170 5124 5067 5006 4947

E-4 715 7503 734 778 754? 758 7541 734 7530 7517 7480 7425 -42
-'-! 22o "j5 -,i0 4085 4027 3934 3832 372 2620 3504 3432 290 2146

E" E-2 2592 2721 3003 2968 2553 2311 2048 1863 1695 1528 1288 1177 "'?
E-1 333 783 !co 89 62 51 76 32 -31 40 64 68 4

TOTAL O-QQ53 29510 2Q,q 288914 28376 27939 21502 27061 26628 26309P 25872 25.36351

FTE 2477. 2440.7 -41:. 2382. 234o. 2310. 22"3. 2237. 220 . 2174. 2137..3!-1.

cUM FTE 2477. 41 Q .4 7330. 9713. 12059 14369 16643 18880 21086 2320 25393 2750)

RECRT 144 -64 0 -50 a 6 -12 -37 0 15 28 -26

CUM RECRT 144 80 80 30 38 44 32 -5 -5 10 38 12

Figure 6.1.a : Sample Infeasible Results

PAY I O CT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
GRADE -------------------------------------------------------------------------

E-? 300 2Q5 291 298 285 281 276 271 266 263 259 254 250
E-8 50 495 '88 482 478 473 468 463 458 449 439 426 415

7-. . 25.;' 274,6 2741 2728 2732 2724 27i 2706 2497 2687 267' 2 2

-- 542, 53-0 5341 5317 5290 52,0 5230 5201 5171 5138 5100 0ol 5031,?
"545 5402 5363 5331 5367 521i 5259 5197 5139 5087 5022 49H 4825
E-4 75!5 7468 7474 7497 7421 7388 7348 7310 7276 7232 7160 7069 6994
E-3 4286 4130 4035 3985 3906 3792 3669 3554 3439 3322 3264 3114 2983
E-2 ;22: 2693 259 217 2646 2372 2165 2047 1046 1838 1d32  1471 144.9

! 256 24t 32S 363 30 2Z7 222 -14 ..22

. .... ... ..... :0=6 28814 22376 2-793' 2752 275 2 ,,28 2 '3"l 1c C'

F2 . 240. 72411. 2382. 2346. 2310, 2273. 2237. 2205. 214. 2137. 2'l!.

C GUM FT7 2477. 4918.4 7330. 9713. 12059 14369 16643 16880 21086 23260 253;3 7500

- 269 13 0 48 123 128 107 77 0 134 150 43

CUM RECRT 269 287 287 335 458 586 693 770 770 904 1054 1147

Figure 6.1.b: Sample Corrected Results
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Personnel policies implemented for other reasons may

also increase the attrition rate. Examples of these type of

. policies include changes in the length of contract

a' extensions, the length of enlistments, mandatory retirement

policies, changes in recruit training policies and changes in

recruit quality. The MECP model can be used to perform a

* sensitivity analysis with respect to a particular policy.

For example, the CG may be able to determine that a change in

:ontract extensions would only affect the attrition of E-4

through E-6 personnel. The MECP model allows the user to

I * examine the impact of changes in attrition rates in those

* paygrades on the entire force structure.

Unlike the above discussion of increased attrition

rates, the possibility of decreased attrition rates is

* unpredictable. Changes in policy such as the Selective

- Reenlistment Bonus program, the quality of recruits accepted

and quality of life programs seek to decrease attrition

rates. However, as discussed in Chapter III, it is dif-

ficult to quantify the human decision making process to leave

the service. The MECP model can also be used to explore the

possile effects of these kind of policy changes.

2. Promotions

Changes to the promotion rates will affect both the

forecast force structure and the accession needs.
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a. iaygraoes E- through E-9

The MECP model utilizes the PYR i and PCT.(t)

parameters to estimate the E-5 through E-9 promotion rates.

These parameters relate to CG personnel policy and can be

changed to directly reflect a changing force structure. The

spreadsheet model allows explicit changes to these variables.

b. Paygrade E-4

Promotions to paygrade E-4 are a direct reflec-

.tion of the CS A-school (formal training required to advance

to E-4) policy. The estimates used by the model are a four

* .1.year average and we have determined that this provides the

best available estimate. However, it is clear that much more

accurate results can be obtained by using the results of the

A-school model as input to the MECP model's E-4 promotion

rates. Conversely, by varying the E-4 promotion rates in the

MECP model, we can forecast the number of A-school graduates

that will be needed to obtain any desired level of E-4s in

any month.

c. Paygrade E-1 through E-3

Promotions to paygrade E-3 are estimated from a

our year average of promotions. In Chapter I, we discussed

Vi the fact that this historic data was missing and we were

o oliged to compute the "data" using the balance of flow

equation. It is recommended that as more data becomes

available, these promotion rates be updated using standard

estimation techniques. It appears that the best
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, interpretation of the results, with the estimates we have, is

to view the stocks in paygrades E-1 through E-3 aggregated

into one category. This is how the CG currently views these

paygrades. The MECP model, however, is set up to provide a

paygrade breakdown for the time when more accurate data

becomes available.

3. Growth Pattern

In Chapter IV we described our assumptions of near

linear change between the beginning of year force strength

PA and the end of year force strength. The CG may want to

change this assumption for many reasons.

a. Payroll costs would be minimized by encouraging growth

• "to occur at the end of the year or shrinkage to occur

at the beginning of the year. This situation might

occur if the CG was required to give a mandatory pay

raise to its personnel, but was not provided the funds

to do so.

b. The CG normally has a long range schedule of unit

commissionings and decommissionings, major facility

changes and personnel needs. It may be desirable for

the growth pattern to approximate the anticipated

personnel needs.

c. Historically typical FTEs lie in a range near the

average of N(O) and N(12). The relative size of that

range depends on the difference between N(O) and N(12).

When the difference is small, the FTE range can include
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N(O) and N(12). A large difference, however, typically

results in a FTE range close to the average. A FTE

constraint which is outside the typical range might

result in month to month changes in force strength that

Sbe 'unacceptable.

d. The recruiting needs forecast by the MECP model may be

unattainable by the recruiters or they may exzeec the

capacity of the recruit training center.

Any of these situations can be dealt with by changing

-.x the FTE constraint and/or the multiplier A. The model is

extremely sensitive to FTE. Major changes in this

constraint, especially outside the previously described

typical range, will cause large fluctuations in the monthly

stocks. Since the FTE constraint and multiplier A are highly

correlated, it will be necessary to experiment with various

combinations to obtain the desired results. Figure 6.2 is an

example of the growth patterns resulting from making several

changes to the FTE or multiplier A. In Figure 6.2.a, we see

the default solution for a beginning strength of 29953,an

ending strength of 31775, an FTE of 30740 and model's default

multiplier A equal to 1.535. In Figure 6.2.b we see the

solution resulting from increasing the FTE to 31550.

In Figure 6.2.c we see the solution resulting from

decreasing the FTE to 30250. In Figure 6.2.d. we see the

4i solution resulting form increasing the multiplier A to 1.9.

In Figure 6.2.e we see the solution resulting from decreasing
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FICURE 6-.A DEFAULT

START-29g53 END-.31775 FTE-30740 A-t.535

* IGURE 6.2.S HI!GHER FT FIGURE 6.2.C LOWER -E

uONNI M ONH
START-29953 E-40-31775 FTE-31550 START-29953 EOD-317 F-rE-3025O

FIGURE 6.2.0 HIGHER A FIGURE SZ2E LOWER A

k4ONflI WONTH

5-A?'-2ggsJ ENO-31775 FTE-3074JO A-1 9 START-29253 UE4o-31775. r"-3074O A,

Figure 6.2: Grow~th Pattern Examples
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TABLE 6.1: RECRUIT FORECASTS

* Original FTE=31550 FTE=30250 A = 1.9 A =1.0

OCT 696 1195 394 * 592 773

NOV 499 998 196 395 576

DEC 200 200 200 200 200
JAN 619 631 613 701 557
FE3 729 775 698 804 673
MAR 707 744 681 767 661
APR 706 736 685 770 657

.AY '01 733 680 769 649

* JUN 100 100 100 100 100
JUL 945 522 1040 786 891
AUG 928 597 1129 870 972
SEP 793 578 989 745 835

OT -523 7809 7405 7499 7544

the multiplier A to 1.0. The impact of each of these cases

on recruit forecasts, as taken from the recruit forecast line

*of the spreadsheet output, is summarized in Table 4.1.

Occasionally, the CG may wish to ignore the FTE

constraint altogether. An FTE equal to the average of the

beginning and ending stock will result in a growth pattern

that is as close to linear as possible. Alternatively, the

results of Chapter IV can be ignored all together.

In Chapter IV, we assumed that we would ignore the

X FTE constraint in the partial year case, after 1 June. Our

-revicus assumptions state that once tre 31 MAY stocK is

known, the 30 June stock, N(9), can be estimated directly

because the attrition rate and recruit numbers are fixed. It

is possible to meet the FTE constraint exactly in a partial

year model where k = 8 or 9 and by specifying any combination

of N(10) and N(11) which satisfies the equation:
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FTE 9 = N(9) +N(12) +2*N(IO) + 2*N(II)] + 24

In the case where k = 10 the exact FTE is met for the value

of N(11) which satisfies:

FTE [N(10) + N(12) + 2*N(1l)] - 24

In summary, it may not be possible to generate

acceptable solutions and heed all the constraints without

making some modifications to the MECP model parameters. The

MECP model allows the decision maker to evaluate the effect

of relaxing or restricting any combination of the parameters.

.o*
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VII. SUMMARY AND CONCLUSIONS

A. SUMMARY

In this thesis, the problem of forecasting the enlisted

CG monthly accession needs and force structure is solved by

using a modified Markov transition model to integrate

estimations of the pertinent personnel flows into a

comprehensive MECP model.

The monthly attrition rates for each paygrade are

estimated with an econometric regression model. The

promotion rates to paygrades E-5 through E-9 are estimated

through the use of a model which approximates the CG

promotion process. Promotions to paygrades E-2 through E-4

- are estimated from historic data. The monthly stocks are

systematically calculated to meet a man year consumption

constraint. Accessions are calculated from the balance of

flow equation.

, The model is implemented on a spreadsheet and allows the

decision maker to examine the possible effects of various

policy changes on the model results.

B. VALIDATION OF THE MODEL

/o- The availability of complete data for the first eight

months of FY87 (1 OCT - 31 MAY) allowed us to assess the

reliability of the MECP model over a short period of time. A

statistical comparison is inappropriate because the actual

S.. . 110
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data reflects numerous changes to policy and goals. We will

*attempt to show that the MECP model forecast for FY87

favorably compares with the actual data.

1. MECP Model Forecast

The 1987 forecast began with 1 October stocks ( see

Figure 7.1) and economic data available on 1 October. The

major parameters are:

a. Starting stock = 29953

b. Ending stock target = 31775

c. FTE constraint = 30740

The attrition rates were calculated from forecast economic

data that was available prior to I OCT 86.

The model results initially showed a significant

decline in E-4 stocks. As previously discussed in Chapter

VI, in a situation of significant growth (5.9 percent in this

case) we expect to have to adjust some of the model

parameters. We increased the E-4 promotion rate from .04133

to .05. Figure 7.1 is the resulting forecast for FY87 based

on data available prior to 1 OCT 86. The actual stocks and

.A recruits for 1 OCT 86 through 31 MAY 87 are listed in Figure

7.2.

~I~b3 2. Comparison of Forecast Results and Actual Stocks.

We can assess the reliability of our forecast by

comparing plots of the forecasts and the actual values over

time.

" . 2L
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1 OCT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

E- 300 301 302 302 304 306 38 310 312 310 312 315 318

E-8 50z 493 495 494 498 501 505 508 512 508 512 517 521
E-7 2756 2750 2732 2721 2720 2734 2752 2771 2790 2776 2798 2817 2841

E-o 5410 537b 5351 5330 5292 5251 5287 5323 5359 5229 5242 5411 5458
'-5 !455 5r*7 5375 J347 5742 5677 5523 5409 546 5404 5537 5499 5546

E-4 7515 7557 7642 7741 7530 7584 7635 7641 7507 7559 7650 7598 7610
:-m-3 2296 4237 4219 4243 4130 4150 4149 116 4225 4296 ,37 4187 4165

E-2 2892 26oi 2895 3167 3231 3018 3185 3427 3614 3753 3841 3275 3441

E-I 833 !288 1180 807 914 1350 1437 1426 1435 1036 1203 1885 175

TOT 29953 30072 30191. 30151 30361 30571 30780 30990 31200 20960 31232 3!'03 31775

-TE 2501. 2510.9 2514. 2521. 2538. 2556. 2573. 2591. 2590. 2501. 2613. 2636.

* CUM FTE 2501. 5012.0 7526. 10047 12586 15142 17716 20307 22898 25489 29103 30740

RECRUITS 696 498 200 617 729 704 703 697 100 831 911 769

CUM RECRTS 696 1194 1394 2011 2740 3444 4147 4844 4944 5775 6686 7455

Figure 7.1 MECP FY87 Forecast

I OCT OCT NOV DEC JAN FEB MAR APR MAY

E-9 300 303 304 305 306 307 308 309 309
E-8 506 504 503 498 503 505 505 50? 499

E-7 2756 2738 2729 2739 2797 2807 2810 2822 2788
' E-6 5410 5442 5432 5485 5518 5567 5544 55!1 5473

E-5 5455 5380 5326 5743 5664 5508 5491 5429 5320
E-4 7515 7501 7491 7197 7058 6986 6992 7037 7133
E-3 4286 4338 4478 4351 4591 4712 4716 4878 4899
E-2 2892 3008 3274 3481 3496 3448 3608 3680 384
E-1 833 949 780 452 636 830 687 705 501

,. TOT 29953 30163 30317 30251 3056i 30670 30661 30878 30806

FTE 2505 2520 2524 2534 2552 2555 2564 2570

CUM FTE 2505 5625 7549 10083 12635 15190 17754 20324

RECRUITS 570 482 204 606 518 646 372

CUM RECRUITS 570 1052 1256 1862 2380 3026 3398

Figure 7.2: FY87 Stocks

.
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a. Attrition Rates

The attrition rate forecasts drive most of the

other model forecasts and are considered first. In Figure

7.3, we see a good forecast of attrition rates for paygrades

E-4 through E-6. The results for paygrades E-8 and E-9 are

mixed, however, it should be noted that the largest

discrepancy for E9 attritions (OCT 86) translates to an error

of four people; likewise, the largest discrepancy for E8

... attritions (FEB 87) translates to an error of two people.

In paygrade E-7, the estimates are consistently low. However,

due to the low attrition rates, underestimation averages less

than six people each month ( out of a stock of about 2800).

The trends for the paygrades E-1 through E-3 look good but

paygrades E-2 and E-3 are overestimated, while paygrade E-l

-" is underestimated. In Figure 7.4, the aggregate attrition

rate is consistently underestimated, probably due to the

influence of the E-1 paygrade. We suspect that the E-2 and

E-3 attrition rates are overestimated due to the method of

"computing" the data discussed in Chapter II. We suspect

that the E-1 attritions are underestimated due to the

adjustment made to account for a recruit training policy

change discussed in Chapter II. The problems noted might

suggest a need to at least temporarily adjust the model's

attrition rates if there is evidence to suggest that the

trends noted are consistent with future expectations. Such

results are not unusual in econometric regression models and

.113
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Figure 7.4: Total attrition Rates

emphasize the need to routinely reevaluate the underlying

.regression model used to forecast the attrition rates.

b. Promotion rates

The MECP model's estimated promotion rates for

paygrades E-5 through E-9 are compared to the actual

promotion rates in Figure 7.5 (actual data for promotees to

payrads -2 through E-4 was not available). Weeeta

the most accurate estimate is that of the promotion rate to

'Npaygrade E-5. The promotion rates to paygrades E-8 and E-9

% ~are fair est.imates except that for some months the forecasts

are somewhat high and for others they are somewhat low. The

estimates for most of this period seem to be too low for

paygrades E-6 and E-7. The underestimation of paygrade E-7

is directly due to the previously mentioned underestimation

of the E-7 attrition rates. The underestimation of paygrade

115
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E-6 is not easily explained, however, looking ahead to Figure

7.7 (stocks) we can see a large spike in E-6 stocks,

indicating the possibility of an isolated policy change. A

careful examination of the data indicates that the 1 OCT, E-6

stoc'< as larger than the historic percentage of total frrce

strength (P'tR parameter). The model shut off promotions

until tne correct pyramid structure was restored. This is

nzriail, how the CG operates. For some reason this policy

ze=_s -ave zeen temporarily changed, 7cwever we are

. 1 --a as t e year progresses, the actual and

-3 s- - seem to be con\e ri g

-. Recruits

Figure 7.6 indicates that the forecast accessions

reflected the actual accessions reasonably well. The CG

reduced the target end strength from 31775 to 31375 in JAN 87

and since the forecasts were based only on information

aia.iLe prior to 1 OCT 86, we would expect the accession

estimates for the months after 31 JAN 87 to be somewhat

high, as reflected in Figure 7.6.

• "t. Stocks

The comparison of stocks seen in Figure ?.7

indcates reasonably good forecasts for paygrades E-7

through E-9 and E-5. The significant difference in paygrade

E-6 suggests a change in the billet structure that is not
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1%*<* Figure 7.6: Accessions

reflected in the MECP model. The sharp decline in E-4 stocks

that is also not reflected by the forecasts is due to the E-4

promotion adjustment, previously mentioned, made to account

• 'for the signifIcant growth anticipated in this scenario. In

reality, such an adjustment was not made until later in the

year as seen by the upturn in actual stocks after MAR 87.

This is a good example of how the MECP model can provide

input to the A-school model. The increase in the E-4

promotion rate from .041 to .05 suggests that in order to

maintain tre E-4 stocks in the growth scenario we are

examining, it vould be r -ecessary for the CG to increase the

number cf A-school graduates. In summary, the total stock

comparison in Figure 7.8 is as favorable as ca, be expected.

C. CONCLUSIONS AND RECOMMENDATIONS

We conclude that the MECP forecasts seem to reliably

reflect the actual data for the eight month period examined.

The important discrepancies are explained in terms of

parameters included in the MECP model which would have been

adjusted in the regular use of the model.
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Figure 7.8: Total Stocks

The continued collection of pertinent personnel data,

especially as data becomes available during more turbulent

economic environments, could provide more accurate estimates

of the personnel flows, especia..ly, attrition rates and

promotion rates tp payqrades E-2 through E-4. Additionally,

the model might be modified in the future to allow for the

optional specification of fixed recruit levels.

The MECP model seems to provide satisfactory forecasts of

monthly accession needs and force structure. Additionally,

it has the potential to provide valuable input into other CG

personnel models such as the A-school and SRB models. The

MECP model is easily modified to reflect changing personnel

policies and economic conditions in its forecasts, providing

the decision maker with the opportunity to explore the

possible effects of a variety of different situations.
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APPENDIX A

DATA UTILIZED IN THIS STUDY

Data is modified as described in Chapter II.

ACCESSIONS

Source: Office of Military Recruiting (PMR)

Month E-6 E-5 E-4 E-3 E-2 E-1 Total Quota

OCT 80 9 14 9 9 17 542 600 600
NOV80 6 8 9 6 21 501 551 550
DEC80 1 23 19 23 6 97 179 131
JAN 81 2 13 10 5 30 678 748 750

* FEB 81 9 21 12 11 25 574 652 650
MAR 81 1 9 3 4 19 381 427 425
APR 81 6 22 8 3 18 317 374 375

" MAY 81 9 18 3 8 22 314 374 375
JUN 81 4 7 3 4 7 227 252 250
JUL 81 2 8 1 7 10 225 253 250
AUG 81 7 14 2 2 6 237 268 267
SEP 81 0 19 7 8 15 391 450 450

- OCT 81 0 19 9 6 18 388 450 450
NOV 8i 7 33 9 6 20 376 451 450
DEC 81 5 18 5 14 18 100 160 150
JAN 82 2 7 3 9 5 424 450 450
FEB 82 2 1 1 1 5 441 451 450
MAR 82 0 0 0 0 1 450 451 450
APR 82 0 0 0 0 0 419 419 420
MAY 82 0 0 0 0 0 361 361 360
JUN e2 0 0 0 0 0 220 220 220
JUL 82 0 5 2 7 0 360 374 356
AUG 82 3 3 2 9 5 345 367 356

- SEP 82 0 5 3 12 10 332 362 354
OCT 82 2 6 1 8 30 425 472 465
NOV 82 1 0 2 16 28 421 468 465
DEC 82 0 3 1 35 25 313 377 2eO
JAN 83 3 5 0 34 53 489 584 573
FEB 83 4 15 1 24 57 366 467 436
MAR 83 5 3 4 33 73 413 531 465
APR 83 2 6 2 24 85 452 571 521
MAY 83 3 4 1 31 82 548 669 611
JUN 83 2 4 2 14 59 102 183 101
JUL 83 2 14 5 15 66 483 585 510
AUG 83 3 9 3 11 79 697 802 740

J SEP 83 4 14 0 13 67 531 629 580
V OCT 83 1 6 0 19 63 487 576 597

"S
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Month E-6 E-5 E-4 E-3 E-2 E-i Total Quota

NOV 83 2 4 0 12 63 359 440 476
DEC 63 3 8 2 14 45 130 202 225
JAN e4 1 6 0 2 51 360 420 423
FEB 64 3 4 2 11 46 232 300 300
MAR 84 2 ii 2 10 62 287 374 377

APR 84 4 9 1 13 53 351 431 450
MAY 84 3 12 1 16 48 297 377 385
JUN 84 2 6 7 36 21 79 12

JUL 64 1 7 6 5 21 332 372 379
AUG 84 1 5 4 3 8 183 204 208
SEP 84 3 4 1 3 10 140 161 165
OCT 84 3 4 11 13 45 391 467 470
NOV 84 3 8 16 15 58 367 467 470

DEC 84 4 16 11 15 36 222 304 290
JAN 85 3 3 25 13 79 417 545 576
FEB 85 4 1" 16 24 58 315 428 485
'MAR 85 3 25 7 11 68 261 375 485
APR 85 4 19 17 14 52 261 367 483
MAY 85 2 20 23 17 61 237 360 345

JUN 85 0 3 4 1 0 17 25 0

JUL 85 3 18 17 11 42 345 436 400
AUG 85 2 6 15 11 41 360 435 388
SEP 85 2 9 6 12 51 388 468 362
OCT 85 1 16 16 11 54 382 480 485
NOV 85 3 5 4 6 38 222 278 308
DEC 85 0 0 0 0 2 51 53 70
JAN 86 0 0 0 9 7 212 228 225

FEB e6 0 0 0 25 45 270 340 380
MAR 86 0 0 0 11 50 281 342 418
APR 86 0 0 0 9 63 258 330 458
MAY 86 0 0 0 14 51 265 330 466

.JUN 86 0 0 10 7 87 104 0

,A JUL 86 0 0 0 26 78 425 529 570
AUG 86 0 0 0 7 8 126 141 206
SEP 85 0 2 0 20 67 527 616 564
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STOCKS

Source: COMMSTAT Report

Z)___ - - ' E-7 E-6 E-5 E-4 E-3 E-2 ;-:

OCT 82 315 474 2630 5014 5086 8125 4410 4111 746

NOV 32 307 "62 2596 4999 5038 8143 4509 4111 822

DEC 82 305 470 2618 4984 5020 8095 4597 4117 765

JAN 83 307 463 2618 4975 4983 8126 4701 4299 667

FE3 3 301 4o2 2601 4975 4941 8132 4868 4295 767

.AR =3 319 491 2653 5105 5234 7470 4890 325 76
"-"APR 83 324 L.92 2640 5101 5252 7393 5097 4375 872

P1Y 83 328 92 2645 5144 5281 7265 5219 4502 867

JUN 83 324 488 2643 5167 5192 7260 5332 4540 81

JUL 83 319 485 2644 5165 5144 7247 5438 4721 717

AUG 83 317 491 2700 5234 5294 6952 5473 4865 727

EF 83 317 482 2670 5204 5259 6759 5595 4755 1052

OCT 3- 316 503 2647 5159 5214 6701 5699 5004 1131

NOV 3 313 503 2653 5149 5173 6793 5580 5147 1012

DEC 83 313 505 2668 5130 5117 7003 5479 5348 826

SAN 84 314 507 2663 5162 5087 7261 5389 5378 634

FEB 84 319 509 2689 5231 5354 6966 5368 5313 596

MAR 84 318 511 2691 5190 5317 6959 5502 5119 646

APR 84 324 503 2684 5200 5283 7136 5520 4952 658

MAY 84 329 505 2695 5208 5240 7174 5632 4819 657

JUN 84 327 509 2707 5213 5163 7307 5812 4574 728'

JUL 84 327 510 2709 5195 5111 7534 5740 4416 434

AUG 84 326 514 2743 5295 5440 7234 5568 4330 447

SEP 84 325 519 2742 5297 5357 7170 5515 4037 526

OCT 84 314 509 2723 5267 5249 7286 5518 3937 346

NOV 84 313 513 2724 5263 5193 7313 5619 3710 524

DEC 84 316 515 2717 5250 5104 7399 5599 3600 636

JAN 85 315 516 2712 5245 5096 7556 5598 3700 513

FEB 85 316 516 2719 5392 5482 7112 5434 3736 606

1AR a5 317 520 2736 5353 5483 7176 5411 3629 734

APR 85 312 522 2726 5351 5475 7393 5273 3723 574

MAY 85 317 524 2719 5344 5455 7475 5272 3696 493

JUN 85 312 521 2731 5342 5404 7740 5120 3676 421

JUL 85 313 510 2724 5340 5303 7831 5037 3548 276

AUG 85 314 513 2751 5444 5646 7772 4676 3455 466
."E 85 30 508 2750 5399 5660 7820 4665 3352 617

"' CT 85 309 509 2754 5369 5590 7884 4642 3310 720

NCV 85 308 512 2786 5359 5530 7988 4602 3317 762

DEC 85 311 511 2758 5363 5488 8156 4516 3362 511

JAN 86 305 506 2753 5344 5468 8258 4484 3390 294

FEB 86 307 504 2749 5395 5596 8066 4407 3296 287

MAR 86 303 509 2761 5392 5596 7994 4415 3138 464

APR 86 300 512 2752 5391 5570 8036 4383 3039 519

MAY 86 298 512 2727 5389 5527 8022 4418 2995 513

JUN 86 311 525 2775 5357 5421 8007 4359 3017 488

JUL 86 301 514 2755 5424 5644 7742 4052 2963 311

AUG 86 301 511 2733 5460 5577 7594 4132 2892 530

SEP 86 306 511 2755 5446 5509 7513 4204 2792 702
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- BILLETS
Source: COMMSTAT Report

Month E- 9 E-8 E-7 E-6 E-5 E-4 E-3 E-2 E-1
": OCT 82 329 L+85 2644 5489 6618 6346 5382 3179 820

NOV 82 329 485 2647 5492 6615 6346 5379 3179 620
DEC 62 329 488 2650 5511 6565 6355 5388 3186 820
JAN 83 329 488 2650 5520 6656 6362 5385 3182 820

FEB 83 331 491 2667 5582 6948 6407 5410 3203 820
IAR 83 331 491 2670 5588 6939 6413 5403 3204 820
APR 83 331 491 2663 5563 6333 6356 5413 3191 820
iAY 33 328 494 2670 5575 6334 6359 5403 3191 820
JUN 83 328 497 2679 5572 6326 6372 5407 3191 820
JUL 83 328 500 2676 5589 6339 6389 5403 3188 820
AUG 83 327 506 2685 5596 6379 6952 5393 3192 820
SEP 83 325 502 2671 5576 6105 6754 5221 3361 820
OCT 33 325 502 2669 5580 6105 6756 5387 3195 8F0
NOV 3 319 507 2668 5609 6132 6783 5416 3209 820
DEC 83 317 510 2690 5590 6116 6739 5372 3183 820

* JAN 84 313 507 2689 5604 6128 6750 5380 3178 820
FEB 84 320 509 2701 5624 6166 6686 5415 3216 820
MAR 84 320 511 2701 5625 6165 6687 5414 3216 820
APR 84 319 513 2712 5636 6180 6701 5414 3216 820
MAY 84 320 509 2703 5609 6124 6642 5370 3186 820

JUN 84 320 512 2714 5632 6137 6670 5436 3209 820
JUL 84 317 518 2727 5632 6125 6664 5392 3200 820
AUG 94 316 518 2727 5626 6118 6663 5393 3198 820
SEP 84 317 518 2732 5638 6125 6682 5401 3206 820
OCT 84 316 516 2726 5624 6125 6671 5382 3197 820

* NOV 84 317 517 2728 5624 6121 6669 5382 3197 820
DEC 84 318 515 2728 5636 6132 6678 5382 3197 820
JAN 85 315 518 2733 5623 6081 6662 5370 3186 820
FEB 85 312 518 2735 5631 6097 6671 5373 3186 820
MAR 85 312 518 2732 5630 6094 6658 5354 3185 820

APR 85 310 519 2738 5632 6110 6678 5376 3190 820
MAY 85 312 512 2728 5609 6096 6631 5316 3135 820
JUN 85 311 509 2756 5603 6070 6562 5935 2459 812
JUL 85 309 509 2758 5587 6062 6560 5935 2459 812
AUG 35 308 504 2737 5584 6057 6549 5923 2446 812
SEP 95 309 507 2763 5612 6098 6578 5948 2449 812
OCT 35 306 503 2736 5583 6065 6511 5863 2406 812
NOV 85 303 503 2730 5573 6070 6508 5852 2402 812
DEC 85 303 502 2727 5564 6069 6511 5840 2399 812
JAN 86 302 502 2763 5547 6041 6451 5837 2402 812
FEB 86 301 507 2759 5550 6041 6463 5822 2392 812
MAR 86 301 507 2754 5532 6025 6444 5806 2382 812
APR 8 302 506 2745 5533 6035 6454 5811 2386 812
1 1 AY 86 302 504 2752 5537 6037 6470 5802 2381 812
JUN 86 302 509 2777 5589 6098 6523 5842 2406 812
JUL 86 301 503 2775 5601 6095 6519 5841 2405 812
AUG 86 302 501 2778 5604 6097 6520 5839 2404 812

2.. SEP 86 300 500 2770 5629 6167 6557 5908 2401 812
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k RETIREMENTS
Source: PMIS Separations Database (P-i)

Month E-9 E-B E-7 E-6 E-5. E-4 E-3 E-2 E-1
OCT 82 9 5 9 8 2 4 1 2 0
NOV 82 12 8 18 7 1 2 1 3 0
DEC 82 6 3 14 4 1 2 2 3 0
JAN 83 0 0 2 0 0 1 0 0 0
FEB 83 6 2 8 1 4 2 1 0 0
MAR 83 0 2 7 4 1 0 0 0 0
APR 83 4 0 7 7 4 4 2 3 0
MAY 83 4 1 11 1 1 4 4 0 0
JUN 83 6 5 14 4 2 2 0 2 0
JUL 83 7 5 17 4 2 2 1 0 0
AUG 83 2 11 8 8 1 3 0 2 0
SEP 83 6 1 7 5 1 4 2 3 0
OCT 83 9 6 15 7 0 0 0 0 0
NOV 83 5 4 9 4 0 0 0 0 0
DEC 83 7 4 11 5 0 0 0 0 0
JAN 84 1 1 8 2 2 2 2 2 2
FEB84 1 2 7 7 2 1 3 2 0
MAR 84 2 1 8 6 2 2 0 2 0
APR 84 1 2 3 8 1 3 0 2 0

" MAY 84 5 4 5 5 1 2 5 1 0

JUN 84 9 1 7 4 0 5 3 1 0
JUL 84 10 8 14 6 1 2 2 0 0

" AUG 84 5 7 12 6 2 3 4 1 1
SEP 84 6 9 12 5 0 1 1 1 0
OCT 84 9 7 10 4 4 0 0 1 0
NOV 84 6 5 10 6 3 5 3 2 0
DEC 84 1 4 9 4 4 3 1 3 0
JAN 85 3 2 1 1 1 2 1 0 0
FEB 85 10 7 10 3 3 3 2 0 0
MAR 85 3 4 6 7 2 5 1 4 1
APR 85 3 1 8 3 2 1 4 2 0
MAY 85 6 2 9 4 4 4 1 2 0
JUN 85 7 8 4 5 2 6 2 0 0
JUL 85 1 8 6 12 1 3 5 0 0
AUG 85 6 11 17 4 0 0 2 0 0
SEP 85 9 8 4 9 4 4 4 1 0
OCT 85 2 1 1 2 2 2 6 1 2
NOV 85 9 3 4 3 3 2 2 1 0
DEC 85 1 4 2 6 3 3 3 2 0
JAN 86 5 6 7 3 2 3 1 0 0
FEB 86 6 5 9 10 7 3 2 2 1
MAR 86 5 5 6 6 4 1 3 0 1
APR 86 3 3 12 3 4 2 4 0 0
MAY 86 3 5 11 13 1 1 3 1 0
JUN 86 7 6 12 5 1 1 0 2 0
JUL 86 14 10 23 8 1 3 1 1 0
AUG 86 4 11 15 6 1 2 4 2 1
SEP 86 6 9 15 9 3 2 2 2 0
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ADMINISTRATIVE DISCHARGES
Source: PMIS Separations Database

Month E-9 E-8 E-7 E-6 E-5 E-4 E-3 E-2 E-1
" OCT 82 0 0 0 1 3 16 15 18 76
" NOV 82 0 0 0 0 1 1 1 0 0

* DEC 62 0 0 1 1 0 12 25 22 36
JAN 83 0 0 0 0 0 0 2 1 1
FEB 83 0 0 1 0 6 11 22 30 58
MAR 83 0 0 0 2 2 16 28 33 8
A APR 83 0 0 0 1 9 17 28 21 97
MAY 83 0 0 0 2 6 15 32 28 8
JUN 83 0 0 0 0 4 11 24 35 117
JUL 83 0 0 0 1 7 23 36 33 50
AUG 83 0 0 0 0 2 18 30 27 137
SEP 83 0 0 0 1 7 21 33 36 115
OCT 83 0 0 0 0 1 6 16 32 126
NOV 83 0 0 0 0 1 5 13 26 105
DEC 83 0 0 0 0 1 6 15 31 123
JAN 84 0 0 0 0 4 16 40 41 59
FEB 84 0 0 0 1 7 10 20 24 56
MAR 84 0 0 0 0 6 15 32 58 97
APR 84 0 0 2 2 11 16 30 34 92
MAY 84 0 0 1 3 4 20 28 38 119
JUN 84 0 0 0 1 4 18 24 36 78
JUL 84 0 0 0 0 1 10 36 30 53
AUG 84 0 0 0 2 11 21 39 47 81
SEP 84 0 0 1 4 4 22 30 36 70
OCT 84 0 0 0 0 14 17 24 36 72
NOV 64 0 0 1 2 2 26 33 35 99
DEC 84 0 0 1 4 4 12 28 28 93
JAN 85 0 0 1 3 6 24 36 32 70
FEB 85 0 0 0 4 5 19 32 40 64
MAR 85 0 0 0 1 10 18 30 40 =6
APR 85 0 0 0 2 6 14 35 40 79
MAY 85 0 0 0 1 4 18 27 61 81
JUN 85 0 0 0 4 7 15 26 35 53
JUL 85 0 1 0 4 7 17 26 33 41
•G 85 1 0 3 5 13 28 29 85

55 2 ___ .

NOV 85 0 1 0 4 l 31
DEC 85 0 0 1 2 8 26 25 34 4
JAN 86 0 0 0 1 7 16 32 35 36
FEB 86 0 0 0 4 8 13 27 39 52
MAR 86 0 0 0 1 9 9 27 31 66
APR 86 0 0 1 4 11 24 21 26 82
MAY 86 0 0 0 3 7 25 23 54 84
JUN 86 0 0 1 4 9 21 34 43 69
JUL 86 0 0 0 2 6 17 26 38 55
AUG 86 0 0 1 3 5 14 16 27 91
SEP 86 0 0 0 2 8 17 27 33 109
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LOSSES DUE TO NON-REENLISTMENTS

Source: PMIS Separations Database

.. nth E-9 E-e E-7 E-6 E-5 E-4 E-3 E-2 E-1
OCT 82 0 0 0 4 44 53 23 3 1
, 1) 82 0 0 0 13 52 85 54 44 48

DEC 82 0 0 2 4 31 34 16 5 1

.:N ;--3 -0 0 1 0 1 2 1 1 0
z=- C- 3 0 2 8 32 49 24 13 0

"8z3t 0 0 9 40 40 28 6 1
IP_ B3 0 0 9 34 69 40 11 0

. 0 6 43 48 20 - 1

JUN 8- 0 0 1 8 61 92 32 5 0
.UL 83 0 0 0 18 61 113 50 16 0
-A UG 83 0 0 2 19 76 140 45 17 2
=E,="SE - 0 0 2 9 59 148 48 8 1
.C:- e3 0 0 1 18 66 122 66 19 7

3 0 0 2 20 72 133 72 19 7

ZE 3 D0 0 1 13 46 85 46 12 5
O jAN 34 0 0 0 14 48 108 39 12 0

PE384 0 1 9 38 101 42 15 0
MAR 84 0 0 1 3 44 78 32 8 0
APR 84 0 0 2 16 39 77 34 3 0

MAY 84 0 0 0 17 49 64 17 4 1
JUN 64 0 0 0 15 31 82 24 11 0
JUL 94 0 0 0 13 61 122 55 7 0
AUG 84 0 0 3 10 72 125 65 13 3
SEP 84 0 0 0 16 60 108 40 8 0

OCT 84 0 0 2 10 54 91 42 7 0
NOV 84 0 0 0 11 53 95 33 7 1

DEC 84 0 0 2 9 22 45 17 5 0
7AN 85 0 0 0 13 50 126 37 14 2
;EB85 0 0 1 6 49 95 38 15 1

'IAP 85 0 0 2 5 32 80 37 8 1
APR 85 0 0 1 17 46 67 29 2 4
MAY 85 0 0 1 13 51 72 31 4 2

JUN 85 0 0 2 15 43 65 27 4 0
JUL 85 0 0 1 16 39 74 16 5 0

-"UG 85 0 0 1 21 38 81 37 6 1

EP 85 0 2 16 60 78 28 2 0
SZC- 95 0 0 2 18 55 81 44 9 0

NOV 85 0 0 1 14 51 74 42 7 2
DEC 85 0 0 0 11 23 44 17 4 2
JA N 86 0 0 0 17 53 108 47 6 9

FEB 86 0 0 0 12 50 83 36 5 1
MAR 86 0 0 2 12 49 86 47 6 0
APR 86 0 0 2 15 62 101 25 6 0

MAY 8e6 0 0 1 20 87 146 49 14 1
JUN 86 0 0 1 24 92 128 50 15 0

JUL 86 0 0 2 19 72 132 54 10 1
AUG 86 0 0 1 24 66 92 44 4 2
SEP 86 0 0 2 13 38 66 22 3 3
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TOTAL ATTRITIONS

Source: PMIS Separations Database

Month E-9 E-8 E-7 E-6 E-5 E-4 E-3 E-2 E-1

OCT 82 9 5 9 14 50 76 39 23 77

NOV 82 12 8 18 20 58 91 57 47 48

DEC 82 6 3 17 9 32 49 44 30 37

JAN 63 0 0 3 0 1 3 3 2 1

FEB 93 6 2 11 10 42 63 48 43 58

MAR @3 0 2 7 15 45 5E 57 39 65

APR 83 4 0 7 17 49 92 72 36 97

MAY 83 4 2 11 10 50 68 56 49 87

JUN 83 6 6 15 12 68 105 57 42 117

JUL 83 7 5 18 23 72 141 91 50 50

AUG 83 2 11 10 30 79 165 75 48 139

SEP @3 6 1 10 15 70 176 83 47 116

DC- 83 9 6 16 25 67 126 82 50 133

--- CV33 5 4 II 24 73 138 85 45 113

DEC 83 7 4 12 19 47 92 62 43 128

jAN 84 1 1 8 16 57 127 8e2 56 61

FEB 84 1 2 8 16 47 115 65 42 56

MAR 84 2 2 9 10 52 95 64 68 97

APR 864 1 2 7 27 51 96 64 39 92

MAY 84 5 4 6 28 57 91 51 54 121

JUN 84 9 1 7 20 35 107 51 52 78

JUL 84 10 8 14 19 63 137 94 37 53

AUG 84 5 7 15 18 85 153 108 62 85

SEP 84 6 9 13 26 66 131 72 45 70

OCT 64 9 7 13 14 73 109 67 44 72

NOV 84 6 5 11 19 58 130 70 44 100

DEC 84 1 4 12 17 30 60 46 38 93

JAN 85 3 2 2 17 57 154 75 46 72

FEB85 10 7 11 13 57 119 72 56 65

MAR 85 3 4 8 14 44 103 69 52 68

APR8P5 3 1 9 22 54 832 68 44 83

MAY 05 6 2 10 18 59 95 59 84 83

JUN 85 7 8 6 26 53 87 55 40 53

JUL 85 1 9 8 32 49 96 47 38 41

AUG 95 6 12 18 28 45 96 67 35 86

1 ! 10 8 6 26 71 98 58 31 101

SOCT 85 2 1 4 22 67 97 71 47 83

NOV 85 9 3 6 17 58 94 77 49 80

DEC 85 1 4 3 20 34 74 45 40 48

JAN8 6 5 6 7 21 63 128 80 42 45

FEB 86 6 5 9 26 66 101 65 47 54

MAR 86 5 5 8 5 23 13 53 22 67

APR 86 3 3 15 18 45 64 27 24 82

MAY 86 3 5 10 35 8 156 65 82 84

JUN 86 7 6 14 27 95 136 74 59 69

JUL 86 14 10 25 29 79 153 82 50 56

AUG 86 4 11 17 34 73 108 65 33 94

SEP 86 6 9 17 24 50 85 53 39 112
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PROMOTIONS FROM PAYGRADE
Source: Enlisted Status Division

Month E-9 E-8 E-7 E-6 E-5 E-4 E-3 E-2 E-1
OCT 82 0 6 8 31 30 67 156 286 279
NOV 82 0 7 18 34 35 39 60 209 234
DEC 82 0 10 11 40 39 30 109 222 409
JAN 83 0 16 41 62 225 573 582 718 663
FEB 83 0 11 18 40 67 125 0 46 62
MAR 83 0 7 13 20 40 58 35 266 282
APR 83 0 6 7 28 109 171 133 303 381
MAY 83 0 1 1 18 51 10 72 210 215
JUN 83 0 3 4 14 9 7 97 246 410
JUL 83 0 5 14 106 201 463 304 415 543
AUG 83 0 2 13 45 50 52 21 207 66
SEP 83 0 2 22 33 16 11 129 303 532
OCT 83 0 6 16 38 51 88 183 48 131
NOV 83 0 6 9 23 33 0 215 105 246
DEC 83 0 4 8 15 19 2 607 728 845

* JAN 84 0 9 13 57 159 446 278 337 277
FEB 84 0 1 8 34 28 37 143 331 131
MAR 84 0 5 4 16 38 55 325 397 236
APR 84 0 6 9 32 67 55 188 351 204
MAY 84 0 6 14 33 64 67 290 505 266
JUN 84 0 7 22 96 99 54 382 354 212
JUL 84 0 9 25 84 206 604 435 352 282
AUG 84 0 2 10 26 44 58 143 195 20
SEP 84 0 2 10 23 29 32 278 350 285

v.. OCT 84 0 4 14 27 30 36 161 316 88
NOV 84 0 7 18 32 39 16 216 251 127
DEC 84 0 1 5 10 14 16 222 252 354
JAN 85 0 8 12 33 186 682 367 265 268
FEB 85 0 6 15 44 30 45 212 237 128
MAR 85 0 0 8 15 20 33 346 266 344
APR 85 0 7 9 16 30 52 199 252 217
MAY 85 0 1 4 24 44 38 375 265 268
JUN 85 0 5 18 77 104 43 217 188 100
JUL 85 0 4 17 63 194 591 611 286 189
AUG 85 0 3 11 37 14 72 201 246 137
SEP 85 0 7 13 26 34 36 192 215 153
OCT 85 0 7 19 52 73 69 254 274 274
NOV 85 0 8 12 12 36 53 311 296 352
DEC 85 0 0 3 4 7 25 201 214 280
JAN 86 0 4 6 8 88 295 231 225 166
FEB 86 0 3 14 36 55 120 149 197 41
MAR 86 0 3 8 15 37 73 213 247 135
APR 86 0 1 10 8 30 69 183 260 185
MAY 86 0 6 9 22 30 33 192 194 249
JUN 86 0 8 26 70 58 41 0 35 35
JUL 86 0 12 24 76 212 541 546 682 583
AUG 86 0 3 13 39 96 140 167 297 222
SEP 86 0 8 17 53 56 54 141 256 328
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EXPIRATION OF ENLISTMENTS
Source: PMIS Database

Month Non-rate First Subsequent

OCT 82 b4 288 183
NOV 82 64 271 173

- DEC 82 36 62 127
JAN 83 106 346 184

FEB 83 62 265 164

* - MAR 83 57 233 216
APR 63 86 174 121
MAY 83 50 -7 154

JUN 83 68 193 115

JUL 83 110 311 163
AUG 83 107 330 145

SEP 83 113 368 138
-"*'-"OCT 83 73 356 243

NOV 83 86 339 158

DEC 83 28 76 124
JAN 84 112 44Q 200
F FEB 84 85 343 192

MAR 84 79 278 189
A~PR 834 57 256 202
MAY 64 64 224 165

JUN 84 57 266 18
JUL 64 92 438 214
AUG 84 126 380 178
SEP 64 98 356 200
OCT 84 82 315 222
NOV 84 68 333 207

DEC 84 44 i8 147
JAN 85 105 422 217

FEB 85 106 327 212
MAR 85 75 27e 213

APR 85 68 261 267
MA~Y 85 105 218 236
JUN 85 71 222 261

JUL 65 54 271 298
AUG 85 69 191 284
SEP 85 92 244 240
OCT 85 79 218 316
NOV 85 80 339 249

DEC 85 19 119 185
JAN 86 89 326 296
FEB 95 82 247 276

MAP 96 B97 220 264
4P 2t -7 257 324

AUL - 263 304
JUN e6 45 196 336

JUL 86 67 211 389
AUG 86 87 180 325
SEP 86 79 166 328
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ECONOMIC DATA

Source: BLS Publications

-Mon_ CPI GNP Unemployment Rates

OCT 81 279.90 3164.00
NOV 21 280.70 3149.70
DE, 21 281.50 3135.50 Males Aggreqate
-N -2 =82.50 3121.?0
"-B 82 283.40 3108.30 20-25 25 + 16 +

" 4R E "'c 3094.70

.APP 22 284.30 3100.10 15.0 6.9 9.4 9.0

MAY 82 287.10 3105.50 15.5 6.9 9.5 9.4

. .UN 82 2q0.60 3110.90 15.8 7.5 9.7 9.5

-L :_2 -,Q2. 2r 3112.80 15.9 7.5 10.0 9.5
" 52 7-= . 10 3114.70 16.6 7.5 10.2 9.8
- E 52 E n3.30 3116.60 17.4 8.2 10.7 9.8
]C S 2 295.50 3111.53 17.4 9.1 10.9 10.1

\ OJ -2 _=95.30 3106.47 18.0 9.2 11.1 10.5
DEC -2 292.40 3101.40 17.8 9.4 11.2 10.7

-- N 83 293.10 3129.80 17.6 8.7 10.6 10.5
FEB 83 293.20 3158.20 17.8 9.1 10.8 10.4
"AR S3 293.40 3186.60 16.6 9.0 10.7 10.4

APR 83 295.50 3210.50 17.0 8.9 10.7 10.3

MAW 83 297.10 3234.40 17.6 8.8 10.6 10.2
SUN 83 298.10 3258.30 15.7 8.4 10.0 10.1
JUL 83 299.30 3274.33 15.7 8.1 9.8 10.0

AUG 83 300.30 3290.37 15.9 8.0 9.9 9.5

SEP 83 301.80 3306.40 15.0 8.0 9.6 9.5
OCT 83 302.60 3325.97 14.7 7.4 9.1 9.3

NC, _23 303.10 3345.53 13.8 7.1 8.6 8.8
E- 23 3C3.50 3365.10 13.3 6.7 8.3 8.4

3 5. 3391.63 13.1 6.6 8.1 8.2
z-2 84 306.60 3418.17 12.1 6.4 7.8 8.0

,.R 24 307.30 3444.70 11.9 6.1 7.7 7.8
APR 84 308.80 3458.83 12.7 6.2 7.7 7.8

v 2 309.70 3472.97 11.5 5.9 7.3 7.8

30.70 3487.10 11 .4 5.6 7.1 7.5
._ D. 34q3.97 11.7 5.9 7.5 7. I

-,- 33.00 3500.3 12.3 5.7 7.2
314.50 3507.40 12.2 5.6 7.2 7.5

]77 E3, 315.30 3511.73 10.9 5.6 7.1 7.4
3" 215.50 3516.07 11.2 5.6 7.0 7.3

- EC 8" 315.50 3520.40 11.5 5.6 7.1 7.1
J.N 85 316.10 3529.27 11.2 5. 8 7.2 7.2
-.9 85 317.40 3538.13 11.8 5.6 7.1 7.4
MAR 85 318.80 3547.00 11.7 5.6 7.0 7.3

APR 85 320.10 3553.67 11.3 5.8 7.1 7.3
MAY 85 321.30 3560.33 12.5 5.2 6.9 7.3
JUN 85 322.30 3567.00 11.9 5.8 7.3 7.3
JUL 85 322.80 3579.27 11.7 5.6 7.2 7.3
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Month CPI GNP Unemployment Rates

AUG 85 323.50 3591.53 10.7 5.5 6.8 7.3

SEP 85 324.50 3603.80 11.0 5.5 6.9 7.0

OCT 85 325.50 3609.97 11.1 5.5 7.1 7.1
NOV 85 326.60 3616.13 11.2 5.4 6.9 7.1

DEC 85 327.40 3622.30 10.6 5.4 6.7 7.0
JAN 86 328.40 3633.50 10.3 5.3 6.5 6.9

FEB 36 327.50 3644.70 10.7 5.7 7.0 6.7

'-. 1 R 86 326.00 3655.90 11.0 5.7 7.0 7.3
APR 86 325.30 3657.73 11.6 5.5 6.9 7.2

G= 32 .30 3659.57 12.2 5.8 7.3 7.1
JUN e6 327.90 3661.40 11.0 5.8 7.1 7.3

JUL 86 328.00 3669.73 11.2 5.8 7.0 7.1

AUG 86 328.60 3678.07 11.3 5.5 6.8 6.9
SEP 26 330.20 3686.40 12.0 5.5 7.1 6.8
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APPENDIX B

SAS PROGRAM USED IN THIS STUDY

OPTIONS LINESIZE = 80;
DATA PARTI;

INPUT E9 ES E7 E6 E5 E4 E3 E2 El EALL;
*' CARDS;
. .0286 .0105 .0034 .0028 .0098 .0093 .0088 .0056 .0670 .008895

.0391 .0173 .0069 .0040 .0115 .0112 .0126 .0114 .0377 .011037

.0197 .0064 .0065 .0018 .0064 .0061 .0096 .0073 .0314 .006910

.0000 .0000 .0011 .0000 .0002 .0004 .0006 .0005 .0015 .000417

.0199 .0043 .0042 .0020 .0085 .0077 .0099 .0100 .0482 .008359

.0000 .0041 .0026 .0029 .0086 .0078 .0117 .0090 .0720 .008896

.0123 .0000 .0027 .0033 .0093 .0124 .0141 .0082 .0722 .010778

.0122 .0041 .0042 .0019 .0095 .0094 .0107 .0109 .0646 .009640

.0185 .0123 .0057 .0023 .0131 .0145 .0107 .0093 .0842 .012124

.0219 .0103 .0068 .0045 .0140 .0195 .0167 .0106 .0446 .013770

.0063 .0224 .0037 .0057 .0149 .0237 .0137 .0099 .1238 .015911

.0189 .0021 .0037 .0029 .0133 .0260 .0148 .0099 .0713 .015050

.0285 .0119 .0060 .0048 .0129 .0191 .0144 .0100 .0760 .014487

.0160 .0080 .0041 .0047 .0141 .0203 .0152 .0087 .0721 .014169

.0224 .0079 .0045 .0037 .0092 .0131 .0113 .0080 .1005 .011393

.0032 .0020 .0030 .0031 .0112 .0175 .0152 .0104 .0615 .011946

.0031 .0039 .0030 .0034 .0088 .0165 .0121 .0079 .0604 .010326

.0063 .0039 .0033 .0019 .0098 .0137 .0116 .0133 .0975 .011317

.0031 .0040 .0026 .0052 .0097 .0135 .0116 .0079 .0897 .010725

.0152 .0079 .0022 .0054 .0109 .0127 .0091 .0112 .1187 .011594

.0275 .0020 .0026 .0038 .0068 .0146 .0088 .0114 .0687 .010266

.0306 .0157 .0052 .0037 .0123 .0182 .0164 .0084 .0783 .013010

.0153 .0136 .0055 .0034 .0156 .0212 .0194 .0143 .1230 .015926
' .0185 .0173 .0047 .0049 .0123 .0183 .0131 .0111 .0856 .013116

.0287 .0138 .0048 .0027 .0139 .0150 .0121 .0112 .1329 .012264

.0192 .0097 .0040 .0036 .0112 .0178 .0125 .0119 .1221 .013057

.0032 .0078 .0044 .0032 .0059 .0081 .0082 .0106 .0943 .008607
- .0095 .0039 .0007 .0032 .0112 .0204 .0134 .0124 .0897 .012864

.0316 .0136 .0040 .0024 .0104 .3167 .0132 .0150 .0693 .012359

.0095 .0077 .0029 .0026 .0080 .3144 .0128 .0143 .0599 .010874

.0096 .0019 .0033 .0041 .0099 .0111 .0129 .0118 .0941 .010750

.0189 .0038 .0037 .0034 .0108 .0127 .0112 .0227 .1095 .012366

.0224 .0154 .0022 .0049 .0098 .0112 .0107 .0109 .0808 .010107

.0032 .0176 .0029 .0060 .0092 .0123 .0093 .0107 .0942 .009909

.0191 .0234 .0065 .0051 .0080 .0124 .0143 .0101 .1180 .011663
- .0324 .0157 .0022 .0048 .0125 .0125 .0124 .0092 .1053 .012001

.0065 .0020 .0015 .0041 .0120 .0123 .0153 .0142 .0750 .011741

.0292 .0059 .0022 .0032 .0105 .0118 .0167 .0148 .0682 .011712

.0032 .0078 .0011 .0037 .0062 .0091 .0100 .0119 .0607 .008135

.0164 .0119 .0025 .0039 .0115 .0155 .0178 .0124 .0986 .012369

.0195 .0099 .0033 .0048 .0118 .0125 .0147 .0143 .1220 .011762
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.0165 .0098 .0029 .0009 .0041 .0016 .0120 .0070 .0927 .005790

.0100 .0059 .0055 .0033 .0081 .0080 .0062 .0079 .1021 .008262

.0101 .0098 .0037 .0065 .0152 .0194 .0147 .0274 .1053 .016249

.0225 .0114 .0050 .0050 .0175 .0170 .0170 .0196 .0902 .015268

.0465 .0195 .0091 .0053 .0140 .0198 .0202 .0169 .1158 .016091

.0133 .0215 .0062 .0062 .0131 .0142 .0157 .0114 .1151 .013656

.0196 .0176 .0062 .0044 .0091 .0113 .0126 .0140 .1026 .011938

~DATA PART2;

INPUT MNTH CPII CPI6 CPI12 PDIF INLAGI INLAG2;

M2=MNTH**2;
M3=MNTH**3;
M4=MNTH**4;
CARDS;
2 .0017 .0360 .0557 .0157 332 360
3 .0075 .0394 .0538 .0138 425 332
4 .0010 .0303 .0387 -.0013 421 425
5 -.0115 .0062 .0375 .0075 313 421
6 .0024 .0031 .0346 -.0054 489 313
7 .0003 .0014 .0364 -.0036 366 489
8 .0007 .0003 .0394 -.0006 413 366
9 .0072 .0000 .0348 .0048 452 413

10 .0054 .0044 .0258 -.0142 548 452
11 .0034 .0195 .0243 -.0157 102 548
12 .0040 .0212 .0256 -.0144 483 102
1 .0033 .0242 .0290 -.0010 697 483
2 .0050 .0286 .0240 -.0160 531 697
3 .0027 .0240 .0247 -.0153 487 531
4 .0017 .0202 .0380 -.0020 359 487
5 .0013 .0181 .0413 .0113 130 359
6 .0056 .0197 .0457 .0057 360 130
7 .0046 .0210 .0474 .0074 232 360
8 .0023 .0182 .0450 .0050 287 232
9 .0049 .0205 .0424 .0124 351 287

10 .0029 .0218 .0423 .0023 297 351
11 .0032 .0237 .0414 .0014 21 297
12 .0032 .0213 .0423 .0023 332 21
1 .0042 .0209 .0421 .0121 183 332
2 .0048 .0234 .0420 .0020 140 183
3 .0025 .0210 .0409 .0009 391 140
4 .0006 0187 .0395 -.0005 367 391
5 .0000 .0154 .0357 .0057 222 367
6 .0019 .0141 .0352 -.0048 417 222
7 .0041 .0141 .0374 -.0026 315 417
8 .0044 .0137 .0366 -.0034 261 315
9 .0041 .0152 .0375 .0075 261 261

10 .0037 .0184 .0373 -.0027 237 261
i .0031 .0216 .0356 -.0044 17 237
12 .0016 .0212 .0335 -.0065 345 17
1 .0022 .0192 .0318 .0018 360 345
2 .0031 .0179 .0324 -.0076 388 jbO
3 .0031 .0169 .0352 -.0048 382 388
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4 .0034 .0165 .0377 -.0023 222 382
5 .0024 .0158 .0389 .0089 51 222
6 .0031 .0173 .0318 -.0082 212 51
-- -.0027 .0124 .0226 -.0174 270 212

" 8 -.0046 .0046 .0162 -.0238 281 270
' o -.0021 -.0006 .0156 -.0144 258 281

10 .0031 -.0009 .0174 -.0226 265 258
11 .0049 .0015 .0161 -.0239 87 265
12 .0003 -.0012 .0158 -.0242 425 87

.0018 .0034 .0176 -.0124 126 425

DATA PART3;
INPUT GNPI GNP6 GNP12 EESUB EEIST EENR EMPLAG E20LAG E25LAG ETOTLAG;

EETOT=EENR+EE1ST+EESUB;
CARDS;

.0006 .0071 -.0166 183 288 64 .12222 .10828 .24242 .17582
Do.01 .D037 -.0137 173 271 64 .11702 .16000 .31884 .15957

-.)016 .0003 -.0109 127 62 36 .12632 .16129 .33333 .16842
-.0016 -.0031 .0025 184 346 106 .10526 .12658 .25333 .15464

* .)092 .0055 .0161 164 265 62 .06122 .10692 .16000 .06000
.0091 .0140 .0297 216 233 57 .06122 .07229 .21333 .05882
.0090 .0225 .0356 121 174 86 .01980 -.04598 .09756 .00000
.0075 .0318 .0415 154 169 50 -.02857 -.02299 -.02198 -.01835
.0074 .0412 .0474 115 193 68 -.05607 -.02222 -.04348 -.04505
.0074 .0506 .0519 163 311 110 -.04762 -.11798 -.10638 -.10714
.0049 .0462 .0564 145 330 107 -.08654 -.10795 -.06897 -.07547

, .0049 .0418 .0609 138 368 113 -.08654 -.10674 -.12088 -.08333
.0049 .0376 .0689 243 356 73 -.09709 -.09639 -.11111 -. 10280

- .0059 .0360 .0770 158 339 86 -.13725 -.13529 -.16854 -.14953
- .0059 .0344 .0850 124 76 28 -.16832 -.21591 -.19318 -.18868

.0058 .0328 .0837 200 449 112 -.18000 -.15287 -.20238 -.17000

.0079 .0358 0823 192 343 85 -.15789 -.16561 -.18519 -. 17347

.0078 .0388 .0810 189 278 79 -.17895 -.23899 -.20000 -.21212

.078 .0418 .0774 202 256 57 -.16129 -.20667 -.23750 -.19792

.0041 .0399 .0738 165 224 64 -.11364 -.13605 -.16216 -.15385

.0041 .0381 .0702 188 266 57 -.10714 -.16667 -.16901 -.15116

.0041 .0363 0670 214 438 92 -.13415 -.14286 -.16418 -.14458

.0019 .0301 .0639 178 380 126 -.06250 -.10687 -.10606 -.07407

.0019 .0241 .0608 200 356 98 -.03846 .01653 -.10938 -.07692

.0019 .0192 .0559 222 315 82 -.05128 .02521 -.08197 -.06494

. Oi2 .0153 .0510 207 333 68 -.06410 -.14173 -.09677 -.07792

.0012 .0124 .0462 147 118 44 -.05333 -.02609 -.05085 -.04110

.0012 .0095 .0406 217 422 105 .01408 .00877 .00000 .00000

.0025 .0101 .0351 212 327 108 -.01333 -.04274 -.01695 -.04000

.0025 .0107 .0297 213 278 75 -.02667 -.04065 -.01754 -.01389

.0025 .0113 .0274 267 261 68 -.01351 -.04098 .00000 -.02778

.0019 .0119 .0252 236 218 105 .00000 .03670 .03571 .00000

.0019 .0126 .0229 261 222 71 .02817 .11607 -.07143 -.01429

.0019 .0132 .0244 298 271 54 .01389 .03478 .03571 .02817

.0034 .0142 .0260 284 191 69 -.01351 .04464 -.03448 .00000

.0034 .0151 .0275 240 244 92 -.04110 -.09322 -.01786 -.04225

.0034 .0160 .0280 316 218 79 -.02740 -.05983 -.01786 -.01429
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.0017 .0158 .0285 249 339 80 -.02740 -.01770 -.05172 .00000

.0017 .0157 .0289 185 119 19 -.04110 -. 10400 .03846 .00000

.0017 .0155 .0295 296 326 89 -.05479 -.10924 -.06897 -.08219
-. i . 52 .0301 276 247 82 -.08219 -. 11966 -.05357 -.09722

I . D:-+E .0307 264 220 87 .04226 .00000 .03636 .02941

.:3. .D!45 .0293 324 257 77 .01408 .00000 .03636 .01449

C;. 5 .0132 .0279 304 263 73 .00000 .0450 .00000 -.02817

.00,5 .0120 .0265 336 196 45 .04286 .089'29 .07407 .05797

..0108 0253 389 211 67 .02899 .03774 .07407 .05970

'"• 3 . 00 .0241 325 180 87 .02985 .08738 .09434 .07692

'.023 .20q2 .0229 328 186 79 -.06849 .05607 -.03509 -.02857

:PTA DATAALL;

mERGE PART1 PART2 PART3

=PCC RE3 DATA=DATAALL;

"CDE, ES E7 E6 = MNTH M2 M3 M4 PDIF CPIl GNP6 EESUB EMPLAG
-52 - rL .N INFLUENCE DW;

,"C = "NT - M2 M3 M4 PDIF CPIl GNP6 EESUS EE1ST EMPLAG

:-'S2 P R :LLIN INFLUENCE DW;
-D E = 'NTH M2 M3 M4 PDIF CPII GNP6 EEIST EMPLAG

SS2 P R CLLzN INFLUENCE DW;
MCDEL E3 E2 =MNTH M2 M3 M4 PDIF CPIl GNP6 EENR EMPLP3

S S52 P R COLLIN INFLUENCE DW;
MCDEL El EIA=MNTH M2 M3 M4 PDIF CPII GNP6 EENR EMPLAG INLAGI INLAG2

* .. / S2 P R COLLIN INFLUENCE DW;
MCDEL EALL=MNTH M2 M3 M4 PDIF CPI1 GNP6 EETOT EMPLAG
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APPENDIX C

MECP SPREADSHEET LAYOUT

Figure C-I is a diagram of the different modules of the

MECP spreadsheet.

>'".1 2. 3. ]4. 5

ITNITAL- PERSONNEL FTE ALGORITHM OUTPUT SECTION MACROS
IZATION FLOWi*~i SCTION CALCULATIONS

,'. "SECTION

UNLY6. 7. 8 . 1.0 13. 14.
-'.-UNEMPLOY- PAY

MENT GNP CPI DIF ACTUAL STOCKS INTRO- ERROR
DATA DATA DUCTION MSG

RATES
11.PREVIOUS RUN

12. GRAPH LABELS

16. 17. !9..
ENLISTMENT LAG RECRU7T

EXPIRATION REIRT ESTIMATES

19. ATTRITION RATE 20.PYRAMID 15.

COEFFICIENTS -DONU

MENT
21.FORECAST L
ATTRITION RATES

22. FORECAST
PROMOTION RATES

23. ATTRITION
MULTIPLIER

SPREADSHEET LAYOUT
FIGURE C-I
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- ~The remainder of this Appendix consists of Figures C-2

through C-i, describing each of the sections shown in Figure

C-I. Each figure description contains the upper left and

lower right spreadsheet cell locations, respectively.

TODAY IS 11-Jul-87

CURRENT STOCKS

SPAY GRADE COUNT

E-9 314

" "E-B 515
E-7 2806
E-6 5329

E-5 5476
E-4 7141

E-2 3922

E-1 1418
------------------------------

TOTAL 31375

MODEL CONSTRAINTS

DESIRED
END STRENGTH 31400

FTE GOAL 31385

CURRENT
MONTH NUMBER 0

I OCT=O 31 OCT=1 30 NOV=2
31 DEC=3 31 JAN=4 25 FEB=5

21 MAR=6 30 APR:=? 31 MAY=8

30 JUIN:Q 31 JUJL=10 31 AUSG1

DECEMBER RECRUITS 200
JUNE RECRUITS I00

MULTIPLIER NEW 0

DEFAULT 25.774462

FISCAL YEAR 1988

E-4 - E-9 OPEN
RATING LIST: YES =1 I

SECTION 1 - INITIALIZATION: Al, C59
FIGURE C-2

138

"MW

O*

w'-. - . -



:2:

-b

* .. PROJECTED RESULT FOR FISCAL 'EAR !;82
a '

.. sT IrT NOV DEC JAN FEB MAR APR MAY JUN JUL AUS EP

E-9 314 31: 315 313 313 314 314 315 315 312 313 3!3 314
:-q 5 5 01Z 516 13 514 515 516 516 517 512 513 5'4 S.

E" - 3 .14 7 2207 2906 2811 2816 2821 2900 2204 32 ' S
c,-. E-Z 5 .89 '393 5b 5387 5444 5403 5400 5409 5419 539' 5324 53-4 5i4

:-5 5476 5485 5493 54,59 5925 5863 5765 5651 5528 5468 5548 5'471 5481
- . ?40 6--6 7017 6570 6635 6712 6785 6848 6900 7002 b906 5812

.-3 .S94 _-29 4291 4290 4145 4156 4165 4175 4185 4188 4!61 4137 4134
E-2 3922 4089 4256 4508 4669 4445 4578 4707 4742 4763 4638 4305 4560

E-I 1418 !444 1419 992 943 1246 1176 1117 1170 ?02 988 1513 !376
STOCKS OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

2 TOTAL 31375 31424 31473 31275 31329 31383 31436 31490 31544 31236 31291 31345 31400

FTE 2616. 2620. 2614. 2608. 2613. 2617. 2621. 2626. 2615. 2605. 2609. 2614.

4, CUM 2616. 5237. 7851. 10460 13073 15691 18313 20939 23555 26160 28770 31385
2 FTE

R' ?EC?.T 699 629 200 588 617 539 564 625 100 718 7bl 602

"ErRT 699 1328 1523 2116 2733 3272 3836 4461 4561 5279 6040 6642

SECTION 2 PERSONNEL FLOW CALCULATIONS: Cl, T33

FIGURE C-3
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FTE CALCULATIONS

A. BEBIN MONTH :1 OCT-NOV.1 JUN-SEP B. BEGSN: 1 DEC-JUN

FTE CUM FTE STOCKS DER DER x POINTS DER * PT DER..EF 7 E... LFE 263

- RET7T - ,"-- rPo- - 2617 31424-2.76 -2.763897 31377 -36723.04 I DEC 31178
NOV 2kE1 5211 31474-5.53 -5.527795 13 7: . JA.....N..- ... ........ -.5 7BC. AN 337 72

E-E 7 31276-5.46 -5.4579043 31321 -171277.1 -37.2 971 1 5 FEB 16406
JAN 2609 10461 31330-3.37 -3.374610 31323 -105906.5 -13.49844 1 4 MAR. 39082

;TT. .. 5F 2613 13074 31383-1.29 -1.291277 31385 -40527.27 -3.273831 1 3 APR 41634

:730 MAR 2615 15691 31437 0.79 0.7920560 31398 24e60.t59 1.534112) 1 2 MAf 44247

.Z.N A'T j. i" 55 PrF. 222 :313 31491 2.28 2.8753893 3139 . .

'3 AY 262 _20939 3!544 4.96 4.9587227 31392 1556o2.57 J JUL 39650
j;33S JUN 2616 23555 31237 4.89 4.8946781 31394 !53662.30 I AUG 35c525

JUL 2605 26161 31291 3.26 3.2631187 31396 102448.33 1
SM1 :2c "389.5 AUG 2610 28771 31346 1.63 1.6315593 31398 51227.56 1

SEP 2614 31385 31400 31400 1
... NLA2 94.I. 939

". EN 57.70549

IPTIMUK 2c..774462
OPT 151.79214

FTE CONSUMED 0

F7E LEFT :1385

? :LT 5.774io-

SECTION 3 FTE ALGORITHM Ti, AG35
FIGURE C-4
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... OUTPUT AREA

RUN DATE PROJECTED RESULT FOR FISCAL YEAR 1928
"*° 11l-Jul-87

-I OCT OCT NOV DEC jAN FEB MAR APR MAY JUN JUL AUG SE?

P A Y -- -- ----- ----- --- ------- ------- -------------------------- ----- ---- --- ----

GRADE

END STRENGTH: E-9 314 314 315 313 313 314 314 315 315 312 313 313 314
31400 E-8 515 515 516 513 514 515 516 516 517 512 513 514 5!5

E-7 2806 2810 2814 2797 2807 2806 2811 2816 2821 2800 2804 2803 2808
FTE E-6 5389 5398 5406 5387 5444 5403 5400 5409 5418 5392 5324 5384 5394

31385 E-5 5476 5485 5493 5459 5925 5863 5765 5651 5528 5468 5548 5471 5481
E-4 7141 7040 6964 7017 6570 6635 6712 6785 6848 6900 7002 6906 6312

MONTH E-3 4394 4329 4291 4290 4145 4156 4165 4175 4185 4188 4161 4137 4134
0 E-2 3922 4089 4256 4508 4669 4445 4578 4707 4742 4763 4638 4305 4560

E-1 1418 1444 !419 992 943 1246 1176 1117 1170 902 988 1513 1376
*" - MULTIPLIER
* ,.25.774 TOTAL 31375 31424 31474 31276 31330 31383 31437 31491 31544 31237 31291 3134k 31400

REMARKS FTE 2616. 2620.7 2614. 2608. 2613. 26!7. 2621. 2626. 2615. 2605. 2609. 2614.

CUM 2616. 5237.3 7351. 10460 13073 15691 18313 20939 23555 26160 28770 31395
',' ZFTE

RECRT 699 629 200 588 617 539 564 625 100 718 761 60)2

RECRT 699 1328 :528 2116 2733 3272 3836 4461 4561 5279 6040 6,42

SECTION 4 OUTPUT SECTION: AK1, BB35
FIGURE C-5
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Monthly rate guarterly rate 6 MO

DIFF
MAR 1987 7.2 1 ST 1987 7.2

APR 1987 6.933
MAY 1987 6.66
JUN 1987 6.4 2 ND 1987 6.4

JUL 1987 6.
AUB 1987 5.4

SEP 1087 ;.4 3 RD 1987 6.4
!CT _7 .- 0.11

NOV 1987 6.46 -0.07
:EC 1087  6.5 4 TH 1987 6.5 -0.03
JAN 198 6.566 0.015
FEB 1988 6.633 0.026

AR 1988 6.7 1 ST 1988 6.7 0.036
APR 1988 A.766 0.046
-A,. 1229B 333 0.051

SUN 928 6.9 2 ND 1988 6.9 0.056
.,e JUL 1988 .933 0.061

I UG 1988 6.966 0.055
SEP 1988 7 3 RD 1988 7 0.050

SECTION 6 UNEMPLOYMENT RATES C35, M59
FIGURE C-6

Monthly GNP guarterly GNP 6 Ma

DIFF %
MAR 1987 3735. 1 ST 1987 3735.2

APR 1987 3740.
MAY 1987 3746.
_4H !987 3751. 2 ND 1987 3751.8
.LQ 197 3?73.

.3794.
SEP 1987 3816. 3 RD 1987 3816.3

OCT 1987 3830. 0.0217123
NOV 1987 3843. 0.0238794

DEC !987 3857. 4 TH !987 3857.58 0.0260401
..JAN 98 3869. 0.08194

MAR i2 33. 1 ST 198 3993.6 0.02289716
APR 192 3905. 0.0202552
MA 1982 3917. 0.0197516
"UN ,928 392;. 2 ND 1988 3929.93 0.0192516
JUL 1928 3941. 0.0187552
AUG 198 3953. 0.0187013
SEP !982 3Q66 3 RD 1982 3966 0.0186478

SECTION 7 GNP DATA M33, W59
FIGURE C-7
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Monthly CPI Quarterly CPI 1 MONTH 12 MONTH

DIFF DIFF %
SEP 19B6 327 3RD 1986 327

1986 327.133
.NO :986 327.266

9E8 327.4 4 TH 1986 327.4

:-37 330.233

I ST 1987 335.9

_87 236.766
*.87 337.2 2 ND 1987 337.2k :L Li%? 18.7.3

Lu 1987 340.326

SE? 987 341.39 3 RD 1987 341.89

918 343.16 0.00450136 0.045.35!
S87 344..3 0.0037146 0.0499!2
"" 8 345.7 TH 1987 345.7 0.0037008 0.0524 4i

JAN :?68 347.033 0.0036872 0. 055894

: F133 348.366 0.0038569 0.0508731

m" ,R :983 349.7 1 ST 1988 349.7 0.0038420 0.0459367
AP 1988 351.04b 0.0038273 0.0410836

MAY 1988 352.393 0.0038509 0.0437462
SJUN 988 353.74 2 ND 1988 353.74 0.0038361 0.0464,:*,

JUL 1988 355.06 0.0038214 0.0490510
AUG 1988 356.38 0.0037315 0.0481063
SE 1988 357.7 3 RD 19BB 357.7 0.0037176 0.0471703

SECTION 8 CPI DATA W35, AF65
FIGURE C-8

ANNUAL COST
•-F LIVING DIFFERENCE

PAY RAISE VARIABLE

OCT 1987 -0.0155.51682
NV . 1987 -0.018991237

.EC 1937 -0.0224444897

JAN 1982 -0.0258949297

FEB 1988 -0.02087312

MAR 1988 -0.0159367494

APR 1988 -0.0110836558
MAY 1988 -0.0137462834

JUN 1988 -0.0164020588

JUL 1988 -0.0190510083
AUG 1988 -0.0181063476
SEP 1988 -0.0171703657

SECTION 9 PAY DIFFERENCE VARIABLE AF35, AK65

FIGURE C-9

143

eqJ- 2



ACTUAL STOCKS

I OCT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG EEP

"""E-8 55

"E- 522

J~ ",r ;-,i576

E-4  71-

-~ 3 243
,' '--i 3:=

:rUoT 1 0) 0 0 0 0 0 0 0 0 0 :

SECTION 10 ACTUAL STOCKS : AL35, BB52
-' FIGURE C-10

7PTAi SToCK'S 31375 31397 31419 31222 31255 31288 31322 31355 31386 31083 31122 31161 31200

Previous Run

SECTION 11 PREVIOUS RUN: AK52, B5 56
FIGURE C-lI

Welcome to the Military Employment Capability Plan
(MECP) spreadsheet supported by G-PE-4.

The Menu for this spreadsheet can be obtained
by pressing the ALT key and M key simultaneously

Documentation for this spreadsheet can be f',-und
on this disk in a file labeled Manual.t.t

This MECP model was developed in conjunction

with a master's thesis written by LT Lance L. BARDO

Comments or bugs are welcome'

This version was last updated JUNE 1987

SECTION 13 INTRODUCTION : B835, BH78
FIGURE C-12
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NON-RATE FIRST SUB

OCT bt 241 365
NOV 2 226 334
DEC 27 212 256
!AN 67 246 364
FEB I 228 373
1AR f! 230 337
APR 8 254 371

2AY 237 394
JUN 15 168 414
JUL 51 233 465
AUG 37 163 466
SEP 29 159 354

SECTION 16 ANTICIPATED ENLISTMENT EXPIRATIONS A59, G77

FIGURE C-13

LAGGED RECRTS

AUG 1987 600
SEP 1987 600

SECTION 17 LAGGED RECRUITS H59, L77
FIGURE C-14

RECRUIT ESTIMATES

E-6 E-5 E-4 E-3 E-2 E-1

OCT 4 10 6 11 33 635
NOV 0 6 11 33 565
DEC 4 !0 6 11 22 147
JAN 4 !0 6 11 33 524
FEB 4 10 6 11 33 553
MAP 4 10 6 11 33 475
AFP !0 6 HI 33 500
-AY 10 6 II 33 561
JUN 11 12 57
JuL 10 6 11 33 654
AUG 4 10 6 11 33 697
SEP 4 10 6 11 33 538

* SECTION 18 RECRUIT ESTIMATES L59, W77
FIGURE C-15
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0.2FFIC:ENT E-9 E-8 E-7 E-6 E-5 E-4 E-3 E-3 E-1 TD;

GE'EESIJN :NTEPCEPT 0.010 0.015 0.004 0.001 0.005 0.005 0.003 0. 0 .:t ,

JOEFFT ~rTNTS MeNt% 0.015 -0.00 0.0 0 0 0.000 0.000 -0.00 0. 0 C, 0. - -,,
MT+'. -0.00 0.000 -0.00 -0.00 -0. 00 0.00 -0.0)0
-NTH+3 0.000 -0.00 0. 000 0.000 0.000 0.000 0.000 O r ', 'I

-7 0NTH++ -0. 0.000 -0.00 -0.00 -0.00 0.00 -0.0o 0 - '

-'', P~ A, FP -0.10 -0.07 -0.07 -0.00 -0.10 -0.13 -0.13

Yr 1.175 0,53 0,178 0.07 0. 490 0,559 0.79 .3 7 0' . ".44Z

SNP 2IFF: -0.10 -0.!b -0.01 -0.00 0.016 0.05 -0.07 -0.29 -2. .
EXP ENL 0 0.'0 .0 .000 -u.00 0.000 0.000 0,00"

-- " EIP ENL 13T 0.000 0.000-:: :EXP ENL -: ,a.0 ,?. . - , ,

', J- NEM,>E<: }. 0.00 0.001 -0.00 0.000 -0.01 -0.01 -0.02-1.7

_' i . -0. i 1'11EP: 7 432

E

SECTION 19 ATTRITION RATE COEFFICIENTS A77, 098

FIGURE C-16

,ROOTION C0NSTANTS

'M PER;ENT FILLED PET JAN PET JUL
-110 1001

1.00 1.00 1.00
-*- E *-.0 1.00 1.00 1.05 '

- .. -- . .. , 0.39 0,.% 0:

SECTE:i 20 PROMOTION CONSTANTS: Q77, X84

FIGURE C-17
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Au I

4--

0."1 0.G 013 0.004 0.065 0.013 0 21 0.034 0.032 . .1 .
M. ... :.05 0.00.004 0.004 0.012 0.016 0.033 0. "1.

0E017 0.009 0.005 0.003 0.012 0.016 0.022 0.02! ,.,2" .
-: -' : :'.J17 o.oo344 0.004 0.01I2 00 ;  .. .. "

0.15 0.007 0.004 0.004 0.012 0.017 0.034 3.027 ..0',' 3 .012
0.015 0.007 0,004 0.003 0.011 .016 0.031 0. !) .01) ,

~P~ 3 .01 0,007 0.003 0.004 001 0.01b 0.033 0.029 4.012 o:.o!2
-'., ;: 0.021 0.009 0.004 0.004 0.012 0.017 0.035 3.033 0}.024, 3.012
-, " tE ..,) 0.025 2.012 0.004 0.005 0.01? 0.019 ,0.037 0).03 0 .......

).02b 0.317 0.005 0.006 0.014 0.022 0.041 0.037 0. .1
0.021 0.024 0,005 0.006 0.013 0.023 0.2 '.
0.27 0.014 0.005 0.004 0.012 0.019 0.032 0.026 2.07 0.013

SECTION 21 FORECAST ATTRITION RATES :A99, Q112
FIGURE C-lB

)CT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

-15 0.0? 0.011 0.011 0.010 0.012 0.014 0.010 0.-12 0.013 1.,012
-. ,-.... . .... ).,0 0.0030.003 0.003 0.003 0.004 0.0020.J'
E - 7 .0 0.036 0.000 0.006 0.003 0.004 0.00' 0.005 0 0.0. ' ,

0.012 0.0! 0 0.020 0 0.006 0.009 0.01! 0 ') 0. 3.o!2
E-5 0.0 13 0.003 0.090 0 0 0 0 1 b 0.0OP

4 .04! 0.14! 0.041 0.072 6.041 0.041 0.0410.0410.641 0.'0 410
. .7 0.067 0., 0.0 .0.7 0.05 067A .11 .

5 , 0.555 0.198 0.41 . 2, .

'-" EC JAN FEB MAR ,P P MAY ThN JUL ,

SECTION 22 FORECAST PROMOTION RATES A112, RI31
FIGURE C-19
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ATTRITION MULTIPLIER
E-9  E-8 E-7 E-6 E-5 E-4 E-3 E-2 E-1 TOTAL

CT 1 1 1 1 1 1 1 1 1 1

4OV 1 1 1 1 1 1 1 1 1 1
- E2 1 1 1 1 1 1 1 1 ! 1

1AN I I I i I I 1 I I

*.> 1i, 1 1 1 1 1 1 1 1 1

AY1 1 I I I I I
1 U 1 1 1 1 1 1 1 1 1

L I I I 1 I I I i

• . ,G! 1 1 1 1 1 1 1 1

SECTION 22 ATTRITION MULTIPLIER A131, N17
FIGURE C-20

Note:

1. Sections 5, 12, 14, and 15 were ommitted because

their display would not have been informative.

2. Formulas can be listed by printing the ranges

indicated and using the LOTUS /ppoocq sequence.
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USER'S MANUAL
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D. ADVANCED MENU ITEMS
1. UPDATE DATA Cpticn.. ...... ............... 172

.. ..L .t . . . . . . . . . . . !
-' 24. N JLAL .C i * . . . . . . . . . . . . .. . .-

(1) CP O t n ..................... ...

(2) UNEMPLOYMENT Option ... .......... 173

(3) GNP Option .......................... .173

(4) ENLISIMENT EXPIRATION Option ..... 173

(5) PAYRAISE Option .... ............ 173
(6) RECRUIT LAG Option ... .......... 173

(6) QUIT LAG Option .... ............ 173

,* . ii

149

04

............................................................................'...-.........-..-.-..-.



2. ADVANCED OPTIONS . . . . . . . . . . . . . . . . 174
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2. Infeasibilities ................ 177

F. ERROR MESSAGES ........ ................... 177
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MILITARY EMPLOYMENT CAPABILITY (MECP)

USER'S MANUAL

The MECP has been programmed with LOTUS 123'-, version

-. - .01. The theoretical and mathematical underpinnings of the

model are described in detail in The text of this thesis.

The actual spreadsheet layout is described in Appendix C.

The purpose of this manual is to give instructions on the use

of the spreadsheet.

This manual is written for the user who will want to see

the effect of major policy changes and for the advanced user

who may want to explore many of the more subtle interactions

involved.

The instructions that follow assume that the user has a

basic familiarity with his/her computer, DOS and LOTUS. This

spreadsheet is fully menu driven and once loaded requires

minimal knowledge of LOTUS.

A. PRELIMINARIES

1. Prior to using the spreadsheet, it is strongly

recommended that a back-up copy of the disk be made. Every

attempt has been made to prevent the accidental erasure of

formulas and data, however the user may find circumstances

when he/she may want to alter data temporarily without losing

the original forever. The user familiar with LOTUS may want

to read paragraph 4 and skip to section B.
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2. Enter the LOTUS environment.

3. Load the spreadsheet named MECP.

4. You will be taken immediately to an introductory

section. To obtain the menu, press the ALT key and M key

simultaneously.

5. This menu works exactly the same way as the regular

LOTUS menus. Use the left or right cursor keys to highlight

the various options. On the second line you will see either

a brief description of the action obtained when that option

is selected, or the sub-menu of additional choices available

under that option. Press the RETURN key to select the

highlighted item. Alternatively, you can select the option

by typing the first letter of the desired menu item.

6. After each action performed, you are returned to the

normal LOTUS environment (READY appears in the mode indicator

in the upper right hand corner). Press ALT-M to return to

the main menu.

7. Anytime you are working your way down the menu tree,

you can return to the main level by pressing the ESC key and

then the ALT-M keys.

8. The only cells that are unprotected in this

spreadsheet are those that the user should alter. If you

accidentally try to enter a value in a protected cell, you

will get an error message in the upper right corner of the

screen. Press the ESC key and make the correct entry.

9. Error messages will usually be displayed in the upper

152
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right hand corner of the screen in the mode indicator block.

This block will no-mally display "READY" if it is waiting for

the next command or "WAIT" if the spreadsheet is

* calculating. Ary other message can usually be cleared by

pressing the ESC or RETURN key. The user should not be

concerned about the CIRC reference that appears at tte

bottom of the screen, the recursive nature of the model

causes the circular references and is appropriately handled

in the way the spreadsheet is recalculated.

0 B. MANDATORY ENTRIES

This section summarizes the entries that must be made for

a run to ensure reliable results. A detailed explanation of

the menu options is contained in sections C and D.

- 1. Initial Full Year Run

The following menu options must be utilized in the

following order to use the spreadsheet for the first run of

the year.

a. The INPUT option must be used to initialize all

entries in this section. If the current value is to remain

unchanged, press the 7aturn key. If a change is desirec,

type the new value and press return. Every time the user

presses the return key,the program will automatically move

the cursor to the next block to be changed. It is recommended

that the user leave the Multiplier New cell equal to zero or

blank and the December and June recruit entries should be

left at the default values of 200 and 100 respectively for

153
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the first run. Current Month Number cell must equal zero.

NOTE: The nature of the formulas requires the beginning stock

and ending stock to differ by at least one (1). The user may

view the most recent stocks by pressing the Page Up key.

These numbers will provide a guideline for reasonable End

Strength and FTE entries.

b. The UPDATE DATA, ANNUAL Option must be utilized

to enter the actual or forecast values for all six

subcategories iCP!,GNP,payraise,unemployment,recruits lagged,

and enlistment expirations) at the beginning of a fiscal

year. It is assumed that the person maintaining the model

will entered this data for all other users.

c. The UPDATE DATA, MONTHLY Option must be utilized

to enter the 1 OCT stocks. This option must also be used for

all partial year models to record the actual stocks to date.

2. Subsequent Full Year Runs

Only the INPUT option need be utilized after the

ANNUAL data has been entered.

3. Subsequent Partial Year Runs

a. The UPDATE DATA, MONTHLY option must be used to

enter the most recent end of month data. Make sure you

change the CURRENT MONTH NUMBER selection to reflect the last

day of the most recent month This menu item will also

update the most recent stocks section in the INPUT section

and will recalculate the current total stocks.
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b. The INPUT option may be used to specify a new

target end strength and FTE.

c. You may only change the multiplier new cell, B44,

when current month number equals 0 or 1. It is recommended

zhat the user leave this as a zero for the first run. It MUST

ecual :ero fcr runs after 1 DEC.

4. All Runs

a. The CALCULATE option is required to recompute the

•esul-5 or the current entries.

b. The OUTPUT option is required to view the results

in the desired form (screen, printed, graphically).

C. BASIC MENU ITEMS

This section will give a brief description of all the

menu choices illustrated in Figure D-1 except the UPDATE DATA

and ADVANCED OPTIONS selections. These are discussed in the

next section (Advanced Menu Items).

1. INPUT Cption

Selecting this option will put you in a portion of

the spreadsheet that looks like Figure D-2. Instructions for

each :ossible entry are included alongside the figure. The

user shculd be aware that the most realistic FTE values are

those values lying between the beginning of year strength and

end of year strength. The December and June recruit entries

1%- are fixed levels of recruits based on historical data,

additionally, they are automatically set to zero when the

annual shrinkage exceeds 3500. The Multiplier entries govern
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the rate of growth during the year. In short, the Multiplier

default entry specifies the slope of the line segment

connecting the 31 DEC through 31 MAY stocks as a function of

the slope of the line connecting the current

* MAIN MENU

UPDATE OUTPUT GRAPH [FDV4NCED
OPTIONS

* ~~~~INPUTCLU-ET

ANNUAL

ATA D

EPSCN PRINT IRESULTS IStAVE LASER ASCII
PRINT

w w.

PROMOTE ETRT BCLE RERUI1T STOCKS DCUET
RA TE I RATE I PYRAMID I JESTIMATEI

D-

CF! uNEMPLO ENP ENLSTM7 ARIS RCUT QUIT
MENT EXPIRELA

Figure D-1: Spreadsheet Menu Description
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stock and target end of year strength. The default value is

- calculated to minimize the deviation from a line connecting

. the current stocks and end of year strength. Specifying a

Multiplier New, modifies the slope of the 31 DEC - 31 MAY

.ine segment. For example, in figure D-2, the slope of the

" i~e cn_-g tre h. rrent stocks and the end of year

strength is -74.5. The Multiplier default value shown

.- ndicates that the optimal slope of the 31 DEC - 31 MAY line

* o segment is -4.82 (shown) times -74.5 (not shown but equal t:

129000 - 29e94] - 12 ), or 359.o8( not shown). The user is

encouraged to experiment with the Multiplier New value to

determine its effect on monthly stocks. A more detailed

explanation of the Multiplier is found in Chapter IV

2. CALCULATE Option

This option recalculates the spreadsheet with the

" current entries. The value of the total stocks from the

,- previous run is saved for display in the GRAPHICS option. Be

sure you want to calculate the current values; the

calculation takes approximately 75 seconds on an IBM/XT with

a math coprocessor.

3. OUTPUT Option

a. RESULTS Option (See Figure D-3)

This option allows you to see the results of the

current run. Use the cursor keys to scroll right and down to

see all the output. The remarks section (cells AL24 - AL34)

can be used to briefly document temporary modifications.
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Column A Column B

INITIALIZATION SECTION a. Date is entered
TODAY IS 22-Jun 87 automatically.

CURRENT STOCKS
b. All entries are made in

PAY GRADE COUNT column 8 of the spreadsheet.

"- -E-9 301
E-8 493 c. These are the most recent

. E-7 2700 stocks as entered in the UPDATE

E-6 5300 DATA, MONTHLY option.

E-5 5400
E-4 7400

E-3 4300
E-2 3000

E-1 1000

TOTAL 29894 d. LOTUS will calculate the

total.
MODEL CONSTRAINTS

DESIRED e. Enter the desired 30

END STRENGTH 29000 September stock.

FTE GOAL 29500 f. Enter the FTE constraint.

CURRENT g. Enter the month number that
MONTH NUMBER 0 corresponds to the stocks

1 OCT = 0 31 OCT= 1 30 NOV= 2 entered in (c). Codes are

31 DEC= 3 31 JAN= 4 28 FEB= 5 listed.
31 MAR= 6 30 APR= 7 31 MAY= 8
30 JUN= 9 31 JUL=l0 31 AUG=11

DECEMBER RECRUITS 200 h. Change these default

JUNE RECRUITS 100 recruit values if desired.

MULTIPLIER NEW 0 i. The new multiolier Hill

DEFAULT -4.819813 change the rate of growth. The

default value is the optimal
value. Change it by entering a

number in the NEW cell.
FISCAL YEAR 1987

j. Fiscal year being forecast

E-4 - E-9 OPEN
RATING LIST: YES =1 1 k. I means recruits are being

NO = 0 accepted in paygrades

E-4 to E-6.

Figure D-2: Initialization
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--5 PROJECTED RESULT FOR FISCAL iER :37

OCT OCT NOY DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

-. : -R-N-T:; E-Q 300 301 302 302 304 306 308 310 312 310 3:2 315 318

4,7 . 2793 495 494 498 501 505 508 512 508 512 517 521
25 2750 2732 2721 2720 2734 2752 2771 2790 2776 279B 2817 2841

-TE E-6 5410 5376 5351 5330 5292 5251 5287 5323 5359 5329 5242 5411 5458
30740 E-5 5455 5409 5375 5347 5742 5677 5523 5409 5446 5404 5537 5499 5546

E-4 7515 7562 7649 7746 7516 7563 7604 7599 7452 7489 7513 7230 7012
MONTH E-3 4286 4137 4041 3989 3817 3773 3724 3704 3706 3721 3725 3730 3731

0 E-2 2892 2754 3065 3416 3559 3417 3641 3939 4185 4384 4381 4078 4442
E-! 833 1290 1181 807 913 1349 1437 1428 1438 1040 1212 1907 1906

1.382 TOTAL 29953 30072 30191. 30151 30361 30571 30780 30990 31200 30960 31232 31503 31775

REMARKS FTE 2501. 2510.9 2514. 2521. 2538. 2556. 2573. 2591. 2590. 259!. 2613. 2636.

UM 2501. 5012.0 7526. 10047 12586 15142 17716 20307 22898 25429 2810 . 3074
:--E

REORT 696 498 200 617 728 705 704 699 100 838 926 784

rIUM
'. -"'RT, 696 1194 1394 2011 2739 3444 4!48 4847 4947 5785 6711 74?5

Figure D-3: Sample Results
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b. SAVE Option

(1) WORKSHEET Option. The entire worksheet is

saved with the name MECPA.WKI. Be sure to rename it if you

want to save more than one. Caution: This is a large

.orksheet'. (l05K, 60 seconds to save)

(2) RESULTS Option. Just the results of the

latest run are saved in a worksheet named MECPRSLT.WK1. Be

sure to rename it if you want to save more than one.

.IBM/EPSON PRINT Option

The output exceeds 80 characters. In order to
01

print it on a standard width dot matrix printer, the printer

"*"' must be set to print at the condensed print size (17.1

characters per inch). This option sends the correct command

to the Epson and IBM printers. Other printers can be set up

using the Print,Options,Setup command in LOTUS (/PPOS\###).

Consult your printer manual for the appropriate set-up code

to replace ###. This option also clears settings from

previous uses.

d. PRINT Option

Sends a copy of the latest results to the

-rinter. Prints one table per page.

e. ERROR MSG Option

See section F of this manual for a more detailed

explanation on how to handle errors.
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- f. LASER Option

* Sets up the laser printer for output by turning

the page lengthwise.

g. ASCII Option

Sends the force structure results to an ASCII

file named Output.asc. It is stored in the current

*directory. If you desire to save more than one set of

results in this format, it will be necessary to temporarily

exit to DOS, rename the file and return to the spreadsheet.

The data is recorded with paygrades as rows (row one is

paygrade E-9) and months as columns (column one is 1 OCT

stocks).

4. GRAPH Option

* a. CURRENT Option

Displays a line graph of the total stocks for the

*c-irrent run. Press the return key to return to the

spreadsheet.

b. LAST VS CURRENT Option

Displays a line graph of the total stocks for the

-current run and the previous run.

..<1

S.5. EXIT Option

This option returns the user to the DOS environment.

Be sure to make any saves before choosing this option.

0
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D. ADVANCED MENU ITEMS

I. UPDATE DATA Option

a. MONTHLY Option

The actual monthly stocks for each paygrade and

the actual recruits up and including the most recent month

should be entered here. If actual recruit data is not

available, enter zero and the model will use estimated

recruits computed as described in Chapter III.

b. ANNUAL Option

This option is used to initialize or update the

0
external data utilized by the model to calculate the

attrition rates. It can be updated any time of the year,

replacing forecast data with actual data or more recently

forecast data. You must use the cursor key to move from cell

to cell, do not hit return until the last entry has been

made, then hit any cursor key and then the return key.

(1) CPI Option. The consumer price index option

allows the user to enter actual or forecast CPI (all goods)

for the 12 months of the year being forecast and the 12

months of the preceding year in cells Z40 to 264. Optionally,

if data forecasts are only available for the quarter, these

values can be entered for the same period in cells AC40 to

AC64. Quarterly and monthly figures can be intermixed.

(2) UNEMPLOYMENT Option. The total civilian

unemployment, age 16+ is entered for the twelve months of the

year being forecast and the six months of the preceding year
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in cells F40 to F59. Quarterly values can be entereo in

IelIs -'O to J5 .

(3) GNP Option. The gross national product

annual rate) is entered for the twelve months of the year

2einc Zrecast ano the six months of the preceding year in

Ceis &.D tc =5S. Quarterly values can be entered n cells

-,) ENLISTMENT EXPIRATION Option. The number of

: mer exirations expected for each month of the fiscal

/ear teing forecast in the categories non-rate, first

enlistments ano subsequent reenlistments are entered in

cells 365 to 276, E65 to E76, and G65 to G76 respectively.

(5) PAYRAISE Option. Any payraise anticipated

up to and including 1 JAN of the year being forecast is

entered in cell AH-2.

(6) RECRUIT LAG Option. Enter the number of

"ecruits for AUG and SEP of preceding the year being forecast

in cells K64 to K65.

(7) QUI1 Option. You must use this option to

e'it t-is sub-menu. The spreadsheet will also recalculate

r. / tre annual data when QUIT is chosen. if no other

changes are being made for the run, choose the CALCULATE

option from the main menu to obtain results from this new

data.
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2. ADVANCED OPTIONS

a. PROMOTION Option

The user may change the promotion rates for any

c tle months for paygrades E-3 and E-4. Since these rates

are stated as a percentage of the stocks, it is recommended

:nat tne deFault values be used as a reference point for any

-ncreases or decreases.

t. ATTRITION RATE Uption

The values in this section are multipliers of the

-es*ma-ec attrition rates. One (1) implies the estimated

0
cefault) attrition rate would be used. A number larger than

one (1) would increase the estimated attrition rate. A

rumber less than one (1) would decrease the attrition rate.

The multipliers can be changed for any combination of months

and paygrades.

c. BILLET PYRAMID Option

The values in the column labeled PYRMD describe

the numOer of billets in each paygrade as a fraction of total

billets. The values in the columns labeled PERCENT, PCT JAN

an 'CT JUL describe the fraction of billets in each paygrade

tnat tne CG expects to have filled with qualified people

The column labeled PERCENT is for all months except January

and July, while the columns labeled JAN and JUL,

resoectiely, are for those months.
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d. RECRUIT ESTIMATE Option

The estimates for the recruits in each paygrade

may be changed. This data is only active if the E-4 - E-9

OPEN RATING cell set in the INPUT option equals one. The

user should be aware that manual entries in this section will

overwrite the values orovided by the formulas. Once new

valu 's have been entered, it is necessary to reload the

worksheet to get the default values back.

e. STOCKS Option

The user may decide to ignore the FTE constraint0

and enter specific stocks desired during each month. The

most likely use of this option would be for the partial year

model.

f. DOCUMENT Option

This option provides an opportunity for the

*person maintaining the master copy of the model to document

the more permanent adjustments made to the spreadsheet.

E. CONSTRAINTS, INFEASIBILITIES AND POLICY CHANGES

It would be impossible to catalog every problem that

might occur when using -he MECP worksheet. Chapter V: Qf

this thesis contains a description of various possible policy

changes that a user might explore and the resulting

interaction of the parameters of the model. The spreadsheet

environment was chosen to program this model because of the

ease with which numerous changes can be made to a variety of

factors. The purpose of this section is to describe some of
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the major problems that might occur and their possible

resolutions.

1. Recruiting Constraint Violations.

If the model results indicate negative recruits or

E-Is for a month, this may imply that the CG cannot shrink

the required amount without implementing a policy to increase

some of the attrition rates. The user can experiment with

the ADVANCED OPTIONS, ATTRITION RATE option to determine how

much and which of the attrition rates should be increased.

The model results may also indicate recruits which

violate a monthly upper bound of 720. It may be impossible

to reasonably meet this upper bound but the user should check

the effect of any combination of the following:

a. Increase the December and June recruits using the INPUT

option.

b. Decrease the FTE constraint using the INPUT option.

c. Vary the multiplier A (New) using the INPUT option. in

a growth situation, increasing the multiplier A may.

decrease the number of recruits needed toward the

- beginning of the year. Decreasing the multiplier A ma,

_ decrease the number of recruits toward the end of the

year.

d. Decrease the desired end strength using the INPUT

option.
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2. Infeasibilities.

Infeasibilities will usually appear as ERR in one or

more cells or by the blinking ERROR status in the upper right

corner of the screen. Infeasibilities will also be indicated

tv negative numoers in the results section. Infeasibilities

. snould not occur when operating within historically tyoical

conditions. Briefly stated, typical conditions exist "hen

the beginning stocks and ending stocks differ by less than

.-"ree oercent and the FTE constraint is between the beginning

and enoing stocks. The user desiring to explore unusual0

=i.-cumstances should refer to Chapter VI of this thesis for a

detailed discussion of how the model parameters interact.

The next section briefly summarizes the main causes of

infeasible results.

F. ERROR MESSAGES

1. Errors, as previously mentioned, will take on one of

'" tm're-_ orms:

a. ERR will appear in a cell
b. ERROR will appear in the mode indicator (upper

right corner of spreadsheet)
Z. A negative number will appear in the results.

2. The OUTPUT, ERROR option will give you the

instructions that appear below to attempt to correct the

error.

a. Ensure you have made all the mandatory entries:

(1) Using INPUT option, make sure all required entries are

correct (see section D).
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(2) The beginning and ending stocks must differ by at

least one.

(3) Ensure the external variables have been initialized

for the current year (UPDATE ANNUAL option).

) if the current month is greater than 1, make sure the

Multiplier New entry is set to 0.

b. Check the FTE entry. Does it make sense? In the

case of a partial year model, is it less than FTE consumed to

::ace. :- so, it must be increased for the model to work.

Normally you will want FTE to be some number between the

. . beginning of year stock and end of year stock.

c. An error message in the UPDATE ANNUAL option will

occur if you did not press one of the cursor (arrow ) keys

followed by the return key after the last entry.

d. Try the CALCULATE option once more. It is

possible that you changed so many variables that a second

iteration of calculations is needed.

e. If the above suggestions have not been helpful in

fixing the problem, you should examine the attrition rates,

. romotion rates and billet pyramid. This will require an

understanding of the normal personnel flows that occur in

this system. Do the estimated rates make sense in the

current scenario?

f. If you still are not able to correct the problem,

try reloading the spreadsheet and reentering the desired
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values. Failure of the spreadsheet at this point should be

brought to the attention of the person maintaining the model.

3. In the case of any error message, it is necessary to

press either the ESC or RETURN key to return to the READY

mode.

G. TECHNICAL NOTES

The theoretical and analytical methods underpinning the

MECP spreadsheet model are discussed in Chapters III through

IV of this thesis. Maintenance of the model may require

periodic examination of the underlying assumptions and the

author would expect a need for changes to the model from time

to time.

I. Promotion Rates

There is a possibility that the CG would desire a

policy of promoting to E-4 to fill vacancies in the same way

as E-5 through E-9 promotions are currently calculated. This

can be accomplished by using the LOTUS copy command to copy

* the formulas in cells F120 through 0120 to cells F121

through 0121. It will also be necessary to modify the

formulas. After performing the copy command, the formulas in

cells F121 through 0121 will contain the cell reference $P$64

through $P$75 respectively. The formula should be edited,

replacing $P$64 through $P$75 with $0$64 through $Q$75

respectively Likewise the references to cells $J$100

through $J$111 should be replaced with $K$100 through $K$l11

respectively. It will also be necessary to determine
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appropriate PYR (pyramid) for cell T86 and PCT (percent

filled) variables for cells U86, V86 and X86. A detailed

explanation on determining those variables for paygrades E5

through E9 is contained in Chapter III.

2. Attrition Rates

Temporary changes to the attrition rates can be made

using the ADVANCED, ATTRITION option. As mentioned in

Chapter III, we anticipate changes to the regression

* coefficients as more data becomes available. We recommend

that as new data becomes available, it should be added to the

SAS regression program contained in Appendix B and the

analysis described in Chapter III should be reevaluated. A

preliminary examination of the raw data should be conducted

as described in Chapter II prior to using it in the

regression analysis. The new coefficients resulting from

updating the regression model can be used to replace the

entries in cells F83 through 096.
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